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CHEMISTRY.

THE METALS.

1 THE metals gold, silver, copper, iron, tin, and lead were
known to the ancients. We find them mentioned in the writings
of the Old Testament, as well as in those of the early Greek
authors. The name of mercury is first found in the writings of
Theophrastus ; but the existence of most of the remaining metals
only became known in comparatively recent times. Antimony
appears to have been obtained in very early times although Basil
Valentine describes its preparation as a mnovelty. Zine and
bismuth were both described by the same alchemist, althongh
their properties did not become generally known until the
gixteenth century.

An historical notice concerning each metal will be found
under its own heading. We have here simply to consider the
progress of our knowledge concerning the properties of the
metals as a class.

Geber is the first author in whose writings we find a distinct
definition of the word metal : “ Metallum est corpus miscibile,
fusibile, et sub malleo ex omni dimensione extendibile.” Accord-
ing to this definition mercury is not included amongst the
metals. Geber likewise distinguished-gold and silver as the
noble metals, because they do not undergo any change in the
furnace, whereas the others were termed base metals. This
definition was accepted throughout the whole of the middle
ages, so that when the brittle metals antimony, bismuth, and
zine came to be well known, they were classed as bastard or
semi-metals. Thus for instance, Paracelsus says: « Zine, which
is a metal and yet no metal, and bismuth and the like being
partly malleable . . . .. are bastards of the metals; that is



4 THE METALS.

substances which somewhat resemble them.” Opinion was divided
respecting the position of mercury, until its solidification by
extreme cold and its malleability in this condition had been
observed. From this time forward it was universally admitted
to be a metal.

As chemistry progressed it became evident that the division
between metals proper and semi-metals could not be main-
tained, and the followers of Lavoisier altogether ignored this
distinction, and acknowledged the existence of seventeen metals,
including arsenic. Shortly afterwards Davy’s discovery of the
alkali metals again enlarged our views concerning the nature of
metals. These substances, inasmuch as they are lighter than
water, were at first not considered to be metals proper, and
Erman and Simon, in 1808, suggested that sodium and potassium
were not true metals, but rather metal-like bodies, and proposed
for them the term “metalloid ” (uérailov a metal, eldos similar).
This name was, however, not long employed in this sense, but
was made use of by Berzelius, in the year 1811, to distinguish
the class of non-metallic elements from the metals, and although
badly chosen, the word is still frequently used to designate the
former of two groups of elements.

2 As we are now acquainted with at least sixty-nine elements,
and as the number increases from year to year, this distinction
between metals and non-metals is preserved simply for the sake
of convenience, and not as one founded upon any real or essential
difference of properties of these two classes of elements.

At one time, when only few metals were known, they could
be readily distinguished from the non-metals, especially by their
high specific gravity and their peculiar metallic lustre. As
soon, however, as the alkali metals were discovered, the im-
portant property of high specific gravity ceased to be charac-
teristic of the metals, and when tellurium became known, which—
although by its chemical properties it is closely allied to sulphur
—possesses a bright silver-like lustre, the second distinction
ceased to be universally applicable. In the same way, other
properties which were at one time believed to be characteristic of
metals have, with the progress of knowledge, been found no
longer to be essential. Thus, opacity was long deemed a neces-
sary property of a metal, but now we know that in very thin
layers metals are transparent. Gold-leaf transmits green light,
and silver-leaf allows chiefly the blue rays to pass.

1 Gilbert’s Annalen, xxviii. 347.



GENERIC PROPERTIES OF THE METALS. 5

The elements of the nitrogen group exhibit in a striking
manner this gradual transition from a distinctly non-metallic
to a distinctly metallic element. Thus whilst nitrogen itself is
undoubtedly a non-metallic body, phosphorus in certain of its
allotropic modifications closely approaches the metals. Indeed
one of these modifications, by reason of its physical peculiarities,
is termed metallic phosphorus. Arsenic, the third member of
the nitrogen family of elements, was formerly classed as a semi-
metal. At a later period it was considered to be a metal proper,
and even now some chemists rank it amongst the metals, whilst
others, looking to its striking similarity with phosphorus, place
it amongst the non-metals. Antimony and bismuth are elements
which belong to this same group, and these substances are
usually considered to be metals from their close analogy to
other distinctly metallic substances. In this case it will be
noticed that the members of this group of elements approach
more and more closely to a true metal as their atowmic weights
increase. The same peculiarity is observed in other groups.
The metals titanium and zirconium are, on the one hand,
closely connected with non-metallic silicon, whilst, on the other,
they exhibit the most marked analogies with tin, and are
usunally classed, accordingly, amongst the metals. We must,
however, be careful not to draw the conclusion that as a rule
the elements which possess the highest atomic weights are
metals, and those which possess the lowest are non-metals,
Lithium, which next to hydrogen possesses the smallest atomic
weight, is a well characterized metal, and hydrogen itself ex-
hibits in its chemical relations far more analogy with the metals
than with the non-metals.

Although the division into metals and non-metals is thus
seen to be one which does not admit of exact definition, it is
not the less true that the metals as a class do possess certain
generic properties which the non-metals either do not possess at
all or exhibit only in a very slight degree. Amongst these
properties that of metallic lustre may especially be mentioned.
This property is characteristic of all metals, and if it is not
noticeable when the metals are in the state of fine division,
in which case they frequently appear in the form of black
powders, it can readily be observed when the powder is rubbed
with a hard body.

Another generic difference which may be noticed is that
whilst many, or even all of the oxides of the non-metals belong,
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as a rule, to the class of acid-forming oxides, it is only the
highest oxides of certain of the metals which are capable of
acting in this way; the greater part of the metallic oxxdes being
basic oxides.

ALLOYS.

3 Another proof of the close resemblance existing amongst the
metals is to be found in the peculiar compounds or mixtures
which different metals form with one another, and to which the
name of alloy is given. Amongst chemical compounds in
general, those are found to be most stable and to show the
greatest amount of chemical individuality whose constituents
are the most diverse. In the case of the alloys, however, the
essential properties of the metals are uniformly reproduced.
Thus, they all possess metallic lustre; they conduct heat and
electricity well; even when they assume distinct crystalline
form and contain their constituents in the proportion of their
combining weights. Hence these alloys are distinguished from
the compounds which the metals form with such elements as
oxygen, sulphur, and chlorine, in which the general properties
of the metal have undergone a complete change. In the same
way, we find that the metals whose chemical properties are the
most dissimilar form alloys which bear the closest resemblance
to distinct chemical compounds. This class of alloys is difficult
to prepare, inasmuch as the bodies possess the power of dis-
solving an excess of one or other constituent when in the
fused state.

Many metals can be fused together in all proportions; others,
again, cannot be made thus to unite. To the first of these
groups silver and lead belong, and to the second, zinc and lead.
Lead can only retain 16 per cent. of zine, and zinc can only
absorb 1-2 of lead!

According to Matthiessen,? the metals may be divided into
two classes so far as their power of forming alloys is concerned.
The first of these classes includes the metals lead, tin, zinc,
and cadmium. These metals impart to their alloys their own
physical properties in the proportions in which they themselves
are contained in the alloy. The second class contains almost all
the other metals. They do not impart to their alloys their own

L Matthiessen and von Bose Proc. Roy. Soc. xi. 430.
2 Journ. Chem. Soc. xx. 201,
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physicat properties in the proportion in which they themselves
are preseny in the alloy. The alloys themselves may be divided
into three groups :—

(1) Those formed by the metals of the 1st class only.

(2) Those formed by the metals of the 2nd class only.

(3) Those which contain metals of both classes,

When two metals are melted together to form an alloy, an
evolution of heat sometimes occurs. Certain of the physical
properties of the metal are always preserved in the alloy. Thus,
the specific heat and the co-efficient of expansion of the alloy
are always the means of those of its component metals. In
other properties a variation takes place. Thus whilst the
specific gravity of the alloys of the first class is the mean of
that of their constituent metals, that of the alloys of the second
class is always either greater or less than the mean specific
gravity of the constituents. All alloys, with the exception of
that formed by the union of one part. of potassium to three
of sodium, are solid at the ordinary temperature.

4 The melting point of an alloy is usually lower than that of -
the metals which compose it. This is well seen in the case of
ordinary plumbers’ solder, consisting of tin and lead, which
melts more easily than either of the metals composing it. This
fact was known so long ago as the time of Pliny, for he states
that tin cannot be soldered without lead, nor lead without tin,
and that lead tubes are soldered with a mixture of one part of
tin and two parts of lead, a mixture which is used at the present
day. Homberg, in 1669, recommended an alloy of equal parts
of tin, lead, and bismuth for sealing up anatomical preparations ;
and in 1772! Valentine Rose the elder discovered the well-known
fusible metal which bears his name. This consists of one part
of tin, one part of lead, and two parts of bismuth. It melts at
95° to 98°, the lowest melting point of its constituents being
that of tin, viz.,, 235°% Another alloy, consisting of eight parts
of lead, fifteen of bismuth, four of tin, and three of cadinium,
softens at a temperature of 60° and is perfectly liquid at 65°
the melting points of its constituents being—tin 235° bismuth
270°, cadmium 3207 and lead 334°2 This lowering of the
melting point is not confined merely to alloys, but oceurs in the
case of fused mixtures of many salts. Thus, mixtures of the
carbonates or chlorides of potassium and sodium fuse at & much

1 Stralsund Magozin, 1772, 2,
$ Lipowitz, Dingl. Poly. Journ. clviii. 876,
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lower temperature than any of the salts separately. It would
thus appear that we cannot argue from this property as to the
chemical combination of the metals in the alloy, for we can
scarcely assume that a combination of the above-named salts
occurs when they are fused together.

The conducting power for electricity of the alloys of the first
class is exactly proportional to the relative volumes of the com-
‘ponent metals. This is not the case with the alloys of the
second class. Wiedemann and Franz have shown that the con-
ducting power for heat of metals and alloys is identical with
their conducting power for electricity.

In their other physical properties the two classes of metals
differ very widely when alloyed. Thus a metal of the second
class when alloyed with a small quantity of one of the first
class has its coefficient of elasticity much increased. A bar of
tin, copper, or zinc emits a dull sound when struck, but if
copper be alloyed with a small quantity of tin we obtain bell-
metal, valuable for its sonorous properties. The same fact is
observed when the elasticity of coils of metal wires is compared
with that of coils made of alloys. Thus coils of copper, silver,
gold, and platinum wire are lengthened to a straight wire by
weights by which a coil of gun-metal or brass will scarcely be
altered in shape.

Many of the alloys are largely employed in the arts and
manufactures, as they possess properties which are wanting in
the single metals. Thus pure gold and silver are too soft to be
minted, but the addition of a small proportion of copper gives
them the necessary hardness. Pure copper is so soft and tena-
cious that it is not suitable for use in the lathe. The addition
of half its weight of zinc produces an alloy which is hard, and
yet possesses the necessary brittleness to enable it to be readily
turned. Gun-metal is a very tenacious and hard alloy, con-
taining nine parts of copper to one part of tin. A still harder
alloy is bell-metal, consisting of two parts of tin to eight parts
of copper. The more tin such an alloy contains the lighter is
its colour. Speenlum metal possesses a white colour, is capable
of receiving a very high polish, and is, therefore, used for the
specula of telescopes. It contains one part of tin to two parts
of copper. Type-metal is made up of one part of antimony to
four parts of lead. This alloy is hard, easily fusible, not brittle,
and expands at the moment of solidification—properties which
are possessed by no other single metal or alloy. Many alloys
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can be obtained in well-defined crystalline forms, but even this
usual test of the existence of a definite chemical compound
cannot be relied upon in the case of alloys, as it has been shown
by Cooke! that alloys of zinc and antimony, varying in compo-
sition from 43 to 64 per cent of zing, all crystallise in the same
form, although in a different form from other alloys of these
two metals. In the same way Matthiessen and von Bose 2 have
observed, in the case of the gold-tin alloys, that well-defined
crystals are not limited to definite proportions of the two metals,
but are common to all alloys of these metals containing from
27 to 43 per cent. of gold. Storer® has likewise proved that all
the copper-zinc alloys crystallize in the same form.

A remarkable fact with regard to the solubility of the alloys
in acids must here be mentioned. If an alloy of platinum
and silver be boiled with nitric acid it is completely dissolved ;
whereas platinum when unalloyed is quite insoluble in this acid.
On the other hand, silver by itself readily dissolves in nitric
acid, but it does not do so when it is alloyed with much gold,
the whole of the silver being soluble only when its quantity is
at least double that of the gold. It was formerly believed that
in order to separate the whole of the silver only one quarter of
the alloy must consist of gold, whence the term guartation,
which is still used for the separation of these metals,

AMALGAMS,

5 Amalgams are compounds or mixtures of metals with mer-
cury. The name is first found in the writings of Thomas
Aquinas; and Libavius explains the meaning of the word as
follows :—* Amalgama corruptum vocabulum esse ex Graeco
pdiaypa non dubitant” It is perhaps nore probable that
the word is derived from the Arabic, as the form alyamala also
occurs in the writings of alchemists.

The ancients were acquainted with the fact that mercury can
combine with the metals, and they employed the property for
the extraction of gold from its ores; Vitruvius even gives a
method for extracting the gold by means of mercury from
vestments which have been embroidered with gold thread.
Geber speaks more distinctly respecting the compounds of the
metals with mercury, for we find in his work, Summa perfec-

1 Mem. Amer. Acad. N.S. v. 337. 3 Proc. Roy. Soc. xi, 433
3 Boston Awmer. Acad, viii. 27,

51
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tionds magisterii, the following words, * Mercurius adhewret
tribus mineralibus de facili, Saturno (lead) scilicet, Jovi (tin)
et Soli (gold). Lunz (silver), autem magis difficulter. Veneri
(copper) difficilius quam Lunz. Marti (iron), autem nullo
modo, nisi per artificium. Est enim amicabilis et metallis
placabilis.  Solvuntur Jupiter et Saturnus, Luna et Venus
ab eo.” Thus it is clear that Geber knew that, with the ex-
ception of iron, mercury combines directly with all the metals.
The problem of the preparation of iron amalgam was one to
which the alchemists paid great attention as, according to Geber,
it was no easy matter. Libavius gives the first hints toward the
solution of this problem, as he says that the common metals
require to be purified by corrosive action before they can be
made to unite with mercury.

Amalgams are usually obtained by the direct union of the
metal with mercury. In this case diminution of temperature is
not unfrequently noticed; thus, when tin is dissolved in mer-
cury. Sometimes, on the other hand, heat is evolved, as when
the alkali-metals are amalgamated. Ainalgams are also produced
by the addition of mercury to a solution of a metallic salt;
thus if this metal be added to a solution of silver nitrate, the
amalgam separates out in splendid erystals—the Arbor Dione
of the ancients. Another mode of obtaining an amalgam is to
place the metal in a solution of mercuric nitrate, or together
with mercury and a dilute acid; and lastly, amalganis are formed
by the action of a weak galvanic current upon a solution of salt
into which a globule of mercury has been poured, the zine pole
dipping into the globule of mercury.

The amalgams containing a large quantity of mercury are
often liquid, whilst those which contain less are frequently found
to ctystallize. 'When heated above the boiling point of mercury
a certain number of the amalgams retain a certain proportion
of mercury. Thus silver amalgam when heated to 450° leaves
a compound which still contains 12 per cent. of mercury ; and
a gold amalgam treated in the same way leaves a residue con-
taining 10 per cent. of mercury.! Similar results are obtained
with copper, sodium, and potassium, the composition of the
residues corresponding to the following formulae :—

AgHg, AuHg, Cu,Hg, K,Hg, Na,Hg.

o13

The two last are crystalline, and the sodium compound takes
! De Souza, Ber. Deutsch. Chem. Ges. viii 1616 ; bid ix. 1050,
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fire on exposure to the air. The metals lead, tin, cadmium, and
bismuth do not retain mercury at a temperature of 4507

Regarded as compounds the amalgams are very unstable, for
Joule! has shown thatthey can be decomposed by subjecting
them to a very high pressure.*

Many amalgams are used in the arts. Tin amalgam is em-
ployed in the silvering of mirrors, gold and silver amalgams in
the processes of gilding and silvering in the dry way ; zine and
tin amalgam for coating the rubbers of electrical machines,
copper and palladium amalgam, and an amalgam of varying
proportions of gold, tin, and platinum, for stopping teeth.

SPECIFIC GRAVITY OF THE METALS.
6 The specific gravities of the various metals differ consider-

ably. The following table contains the best determinations of
specific gravity of some of the most important of the metals:—

Spec. Grav. | Temp. . Observer.
Osminm . €. | 22477 — | Deville and Debray.
Iridium' _@¥. . [ 2240 - - r )y
Platinum . ., .| 2146 — " -
GlolaRar R IS M 31,026 5 13° | Matthiessen. ;
Mercury . . . | 13:596 0° | Kopp.
Rhodiufnhfes e [Re12-1: ~— | Deville and Debray.
fliha iume PR i ST1ES — | Crookes.
Palladium . . .| 114 22-°5 | Deville and Debray.

TR gk Zi, e 13 11367 | 14° Karsten.
Silver e agaiores 10468 | 13° ‘| Holzmann.
ISR T TSP S 9-823 120

”
Clopperi - Fsial 8952 — | Schrgder.
Cadmium . . . 8655 11° Matthiessen.
Txonisine: Ny 779 — | Karsten.
i S s ‘7294 | 13° | Matthiessen.
ZANC . et Sz 6915 — | Karsten.
Antimony . . . 6713 | 14° | Matthiessen.
Aluminium ., . 267 — | Woller.
Magnesium . . 1-743 5° | Bunsen.
Caleium. . . 157 '— | Bunsen and Matthiessen.
ubidium . . 1516 — Bunsen,
Sodium. . ., 097 10° | Baumhauer.
Potassium . 0-865 — | Gay-Lussac and Thénard.

Lithium . 0594 — | Bunsen.

1 Mem. Manch, Lit. end Phil. Soc. vol. ii. third series.
2 See also Dudley, Proc. Admer. Assoc. for 1890, 145,
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The specific gravity of the metals not only yaries with the
temperature, but also with the physical condition. Thus cast
metals or metals deposited by the galvanic current become
denser when rolled or hammered. Electrolytic copper has a
specific gravity of 8952, and after hammering its density. is
8958; and that of cast zinc is 69, that of rolled sheet zinc
being 7-2.

MEeLTING POINTS OF THE METALS.

7 The melting points of the metals also differ widely, as is
seen in the following table :—

Mercury . . . . . — 40°
Gallium . . . . . + 30

LRI 1 E N ot 625
SodImFA ST 956
TG DRVl T el 180
TP et AR BRIt S0 1 235

TUYERINLE b e 0 1 (= B 270
ThallthBG e n ke - 294

Cadmidi e s e i 320
BT 1 ey Mt 5 334
IANE DR TR e e I 423
Antimony © . S. . 425
SilVers: i abe L 954

Copperst oSS 1045

Other metals, such as iron and cobalt, fuse at a bright white
heat, whilst platinum and iridium ean be melted only in the
oxyhydrogen flame, and osmium has not, as yet, been fused.

CRYSTALLINE FORM OF METALS.

8 Most metals, as well as their alloys, can be obtained in the
crystalline state, and those occurring as minerals in the native
condition are often found crystallized ; this is the case with gold,
silver, copper, platinum, iridinm, palladium, gold-amalgam, and
silver-amalgam. In general the form which they assume is one
belonging to the regular system, such as the octahedron or the
cube, or a combination of these forms. Some few, such as zinc,
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antimony, and bismuth, crystallize in the hexagonal system, and
the two latter metals, which closely resemble arsenie, are found,
as this is, erystallized in rhombohedrons. On the other hand,
a few metals, such as tin and potassium, crystallize in the
quadratic system.

To obtain metals in the crystalline state several plocesses
can be adopted. Crystals of metals which fuse readiiy can be
obtained by solidification after fusion. Bismuth, antimony, lead,
and tin may thus be erystallized, and in a similar way sodiam
and potassium; in the latter cases air must of course be excluded.
Metals which are easily volatilized, such as zinc, cadmium, and
potassium, may be obtained in crystals by condensation from
the gaseous state, whilst other metals, such as silver, thallium,
and lead, can be readily crystallized by the electrolysis of solu-
tions of their compounds. In this case the metals separate out
in lustrous erystalline plates, and the exhibition of this pheno-
menon on the screen forms one of the most striking and beautiful
of lecture-room experiments, and is also well illustrated by the
formation of the lead-tree when a piece of zinc is immersed in a
solution of sugar of lead.

The fracture of metals is an important property intimately
connected with the erystalline form, and in many instances it is
of importance as giving a knowledge of the purity, or otherwise,
of the metal. The following varieties of fracture are generally
described :—

(1.) Crystalline fracture; as in antimony, bismuth, zinc,
spiegel-ivon, &ec.

(2)) Granular fracture ; as in grey forged pig-iron.

(3.) Fibrous fracture ; as in bar and wrought iron when partly
broken by bending.

(4.) Silky fracture ; as in a piece of tough copper.

(3.) Columnar fracture; as observed in the grain tin of
commerce.

(6.) Conchoidal fracture ; noticed in the case of certain brittle
a]loys such as that composed of one part of copper to two of
zine (Percy).

Conductive Power for Heat and Electricity—In their power
of conducting heat and electricity, metals as a rule widely out-
strip the non-metallic elements, as well as all chemical
compounds. This property varies considerably in different
metals, and also in the same metal according to its physical
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condition and chemical purity. The soft metals conduct best,
and at higher temperatures the conduction in all metals is less
perfect than at lower ones. In 1833 Forbes' pointed out that
the order of conducting power of the metals for heat and
electricity is the same.

Atomic HEAT.

9 The specific heat of a body is the ratio of the quantity of
heat required to raise that body 1° to the quantity required to
raise an equal weight of water 1° (Maxwell). The amount of
heat needed to raise a kilogram of water through 100° is thirty-
one times as large as that required to raise the same weight of
platinum through the same interval of temperature, or in other
words, the same amount of heat which raises one kilogram of
water through 100° will raise thirty-one kilograms of platinum
through the same temperature; hence the specific heat of
platinum is said to be % = 0:032. The specific heat of the
same substance varies comsiderably under different physical
conditions and according as the substance is solid, liquid, or
gaseous.

An accurate determination of the specific heat of thirtecn of
the solid elements led Dulong and Petit in the year 18192 to
the conclusion that the specific heat of the metals varies in-
versely as the atomic weight, so that if the specific heat of an
element be multiplied by its atomic weight a constant number
is always obtained. Hence the French experimentalists con-
cluded that the atoms of different bodies possess the same
capacity for heat, or all the elements have the same atomic
heat.” Although chemists at the time acknowledged the impor-
tance of this discovery, they did not consider that the conclusions
arrived at were established beyond doubt, inasmuch as Dulong
and Petit were obliged to alter their atomic weights in order to
make their law applicable to certain of the elements whose
specific heat they had determined. And although Berzelius
allowed that in some cases such an alteration might be admis-
sible, he showed that in certain instances the atomic weights
which Dulong and Petit were obliged to adopt led in other
respects to very improbable conclusions. Moreover, a few of

1 Phil. Mag. iv. 27. 2 Ann. Chem. Phys. x. 393.
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the elements investigated by the French chemists were very
impure, so that the specific heats which they obtained were
inexact. Berzelius very properly insisted that further investi-
gation was necessary, and adds,'! “If we attempt to apply this
idea to compound bodies, and if the result of such an examina-
tion confirms the views of Dulong and Petit, this discovery
will rank as one of the most important parts of theoretical
chemistry.”

The next step in the direction thus indicated by Berzelius
was made by F. Neumann,? who showed in the year 1831 that
equivalent quantities of similarly constituted compounds possess
equal specific heats, and that this equality is independent of
difference in crystalline form; thus cale spar and arragonite
both possess the same specific heat. Neumann, however, did

- not connect this discovery of the relation between the specific
heats of the compounds with that of Dulong and Petit respect-
ing the specific heats of the elements. Only by degrees, and in
the hands of numerous observers was this connection brought
about, and even at the present day it cannot be said that the
subject is fully investigated. The researches which have mainly
contributed to the development of this subject are those of
Hermann, 1834, Regnault, 1840, De La Rive and Marcet, 1840,
H. Kopp, 1864* (whose memoir contains a historical introduc-
tion to the whole subject).

10 It is especially to the researches of Regnault that we are
indebted for the corroboration of the results of the earlier
experinents proving that the law of Dulong and Petit is ap-
plicable with a very considerable degree of accuracy to no less
than forty of the elementary bodies, so that we may regard those
weights of the elements to be their atomic weights, which, when
multiplied into the specific heats of the elements, give a constant
number. This is termed the capacity of the atom for heat, or
the atomic heat of the element. If the atomic weight of hydro-
gen be taken as the unit, and if the capacity of water for heat
be taken at one, then the numbers representing the atowmic heats
of most of the elements are found to le near 64, or these
elements possess the same atomic heat. This is clearly seen if
we multiply the specific heats of the metals by their correspond-
ing atomic weights, for example :—

1 Berzelins’s Jakresh. i. 19. $ Pogg. Ann. xxiii. 1,
3 Ann. Chem. Pharm. Suppl. Band. 1864, p. 1.
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Specific Atomic Atomic

heat. weight. heat.
Lead. . . . 00315 x 2064 = 63
Platinum . . 00324 x 1967 = 64
Silver . . . 00570 x 10766 = 61
Tt s ER0 0548 A TINES =16 15
Zine i s o 0:0055 e 649 1=1 1612

The researches of Regnault and Kopp have proved that
Dulong and Petit’s law is approximately true for the greater
number of the elements .in the-solid state and within a given
range of temperature ; so that this property may be employed
for the purpose of controlling the determinations of atomic
weight in doubtful cases. Amongst those elements which con-
form to the law are in the first place the metals, and then
certain non-metals such as bromine, iodine, selenium, tellurium,
and arsenic.

The following table shows within what limits the atomic
heat of certain elements varies. The first column contains the
names of the elements, the second their specific heats, the third
the temperature at which the determination was made, the
fourth the atomic weight, the fifth the product of the atomic
weight into the specific heat, and the sixth the name of the
observer :—
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1 1L II1. 1V. AL VL
Bromine . 00843 | — 51° | 7975 | 67 | Regnault.
Todine 00541 | +59 | 12653 | 6°8 -
Seleniuin 00840 | + 42 780 66 | Beltendorf & Wiillner.
Tellurium 00475 | + 36 | 1280 61 | Kopp.
Arsenic . 00822 | + 56 749 62 | Neumann.
Potassium 01660 | — 34 3904 | 6'5 | Regnault.
Sodium . 02930 | — 14 2299 | 67 s
Lithium . 09410 | + 64 701 | 66 & ;
Calcium . 01700 | + 50 399 | 63 | Bunsen.
Magnesinm . | 02500 | + 60 22:99 | 6:0 | Regnault.
Zine . 00955 | + 55 649 | 62 s
Cadmium 00567 | +55 | 1116 | 63 .
Lead . 00315 | + 34 | 2064 | 65 | Kopp.
Thallium 00335 | + 58 | 2036 | 6'8 | Regnault.
Copper 00952 | + 58 630 | 60 o
Silver 00570 | + 55 | 10766 | 6:1 3
Mercury . 00319 | — 59 | 1998 | 64 "
Lanthanum. | 0004485 + 40 | 18390 | 62 | Hillebrand.
Didymium . | 004479 + 40 | 1470 | 63 3
Cerium . 004563 + 40 | 1412 | 67 4!
Aluminium . | 02140 | + 60 273 | 58 gk
Indium . 00570 | +50 | 1134 | 65 | Bunsen.
Manganese . | 01220 | + 55 548 | 67 | Regnault.
Iron . 01140 | + 58 559 | 64 "
Cobalt 01070 | + 55 586 | 63 2
Nickel 0-1080 | + 55 586 | 64 5
Tungsten 00334 | +55 | 1840 | 61 ks
Tin 0:0548 | + 34 | 1178 | 65 | Kopp.
Zirconium . | 00622 | + 50 900 6:0 | Mixter and Dana.
Antimony . | 00523 | + 31 | 1220 | 64 | Kopp. -
Bismuth . 0:0305 | + 34 | 2100 | 65 »
Gold . 00324 | 4+ 55 | 1962 64 | Regnault,
Platinum 00324 | + 55 | 1967 64 %
Rhodium . | 00580 | + 55 | 1041 60 &
Palladium . | 000593 | + 55 | 1062 | 63 4
Iridium . 00326 | + 60 | 1967 | 64 2
Osmium . 00311 | +60 | 1986 | 62 5

11 In this table the following non-metals, which Regnault
and Kopp have found to possess smaller atomic heats, have
been omitted :—
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L ‘ 1L ) L W. M. VL
Sulphur . .| 0163 | +31° | 3198 | 52 | Kopp.
Phosphorus. | 017+ | — 3 3096 | 54 | Reguault.
Boron . .| 0244 455 11-0 54 »
Silicon . .| 0173 | +55 280 | 438 *
Diamond .| 0147 | +45 1197 | 18 o
Graphite. .| 0198 | 4 50 e ot s
Gas Carbon. | 0185 l + 36 o 2'3 | Kopp.

These elements accordingly possess at temperatures between 0°
and 100°, smaller atomic heats than correspond to Dulong and
Petit’s law. Recent investigations by Weber! have shown that
the specific heat of carbon varies very considerably with the
temperature, and that above a certain limit of temperature it
remains constant and then follows Dulong and Petit’s law, as is
seen in the following table :—

Diamond 00635 - 505° 076
5 01128 4+ 107 135

b 01532 583 184

s 02218 1400 266

b 02733 2061 328

X 04408 6067 529

o 0-4489 8065 539

b 04589 9850 551
Graphite 01138 - 503 137
> 0719905 8= 61°3 239

e 04454 6419 535

7 0-4670 9779 550

Similar results have been observed in the case of silicon.
The specific heat of this element becomes constant at a tempera-
ture of 200°, giving an atomic heat of 565. Boron also exhibits
the same phenomenon. The specific heat increases rapidly with
the temperature, the constant limit being reached probably
between 500° and 600°. 3

Weber’s investigations have also shown that the allotropic
modifications of a substance at low temperatures possess different
1 On the Specific Heat of the Elements Carbon, Boron, and Silicon. Stuttgart, 1874,
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specific heats, but that this difference diminishes as the tem-
perature increases, and at last it altogether disappears. For
example, Regnault concluded from his experiments that the
specific heat of amorphous carbon was different from that of
the two other modifications. Weber has, however, distinctly
shown that this is not the case, but that carbon exists in two
thermal modifications (1) opaque, (2) transparent. These
thermal differences only occur at low temperatures, aud when
a high temperature is reached no variation is observed.

From the table we see that the atomic heats of the elements
vary cousiderably even within the limits of temperature at
which each appears to be constant. Thus, for instance, whilst
the value for the majority lies between 6-1 and 65, in others
the number sinks so low as 52, and in the case of the alkali
metals and bromine and iodine the number rises to 6°9. These
differences may, in some instances, be explained by the fact
that the substances under investigation were impure. They
may also be due, to a certain extent, to errors of experiment
.which may easily occur in working with hodies so readily
oxidized as the metals of the alkalis. Still the differences can-
not be thus ‘altogether satisfactorily accounted for, and we must
conclude that a variation of the specific heat with the tempera-
ture occurs not only in the case of carbon, boron, and silicon,
but also, to a less degree, with all the other elements. This
indeed has already been observed in some instances. Thus
sulphur has an atomic heat, according to Kopp, of 52 at 31°,
but at 67°, according to Regnault, of 57. Hence we might be
inclined to argue that only those atomic heats which are deter-
mined at high temperatures are correct. But the difficulty recurs
that many elements deviate altogether from Dulong and Petit’s
law when examined at temperatures near their melting points.
The probable explanation of the whole matter is that the atomic
heats are only constant within a limited range of temperature.

We must also remember that when we speak of specific heat
we really refer to two quantities ; in the first place, to the real
specific heat which remains as heat, and secondly, that which
goes to do work, such as expansion, and which, therefore, ceases
to be heat. This last amount of heat is, however, different in
the case of different substances, and if it could be ascertained
we might probably find that Dulong and Petit’s law is more
strictly true than the determinations hit! ~rto made have led us
to suppose it to be.
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The above law does not hold good for liquid or gaseous bodies
with the single exception of mercury, which possesses the same
atomic heat in the liquid and in the solid state.

MorLEcULAR HEAT OF COMPOUNDS.

12 Kopp has shown that the atomic heat of an element does
not andergo change when that element enters inte combination.
In other words, the molecular heat of a compound is equal to
the sum of the atomic heats of its elements. The following
exaraples will illustrate this :—

¥ Molecular Heat.

Specific SETe
Heat. Found. Calculated.

Potassium bromide KBr 0-1070 12.7 132
Mercuric iodide . . Hgl,  0:0423 1912 11959
Lead iodide . . . Pbl, 0:0427 196 201
Lead bromide . . PbBr, 00533 193 199

Hence if the atomic heat of a solid element has not been
determined it may be calculated from the molecular heat of its
compounds with other elements whose atomic heat is known.
In this way the atomic heats of rubidium, strontium, barium,
and titanium have been determined, and they have bLeen found
to agree with the law which applies to all the other metals.

Kopp has also shown that the elements which are unknown
in the solid state possess a constant atomic heat in their solid
compounds. It thus becomes possible to determine the amount
of their atomic heat. In this way the atomic heat of chlorine
has been found to beequal to 59, that of nitrogen 53, of fluorine
50, of oxygen 40, and of hydrogen 2-3. The following examples
illustrate this point :—

Molccular Heat.

Specific g ¢

Heat, Found. Culculated.
Silver chioride . . AgCl 0089 125 119
Zinc chloride . . ZnCl, 0102 192 183
Potassium platinum

chloride. . . . K,PtCl; 0118 574 550

L3 o o & €8] 0478 86 86
Mercuric oxide . . HgO 0048 104 103

Calcium carbonate . CaCO, 0-206 206 206
Potassium sulphate . K,S0, 0196 341 344
Hexachlorethane . C,Cl; 0177 418 393
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This table shows that the two first elements obey the law.
Fluorine does so approximately, but oxygen and hydrogen are
seen to deviate considerably.

Kopp has moreover proved that the elements boron, silicon,
and carbon possess, in combination, the same atomic heat as in
the free state at temperatures below 100°. Hence it is not im-
probable that if we could obtain the specific heat of oxygen
and hydrogen compounds at a high temperature the atomic heats
of these elements might exhibit the same sort of alteration
which has been proved to exist in the case of carbon, silicon,
and boron.

.13 The elements which possess a smaller atomic heat than the
majority at temperatures below 100° are non-metals and have
low atomic weights. All the non-metals whose atomic weights
are high and all the metals, without exception, follow Dulong
and Petit’s law below 100°. Ience by help of the specific heat
the atomic weights may in certain doubtful cases be controlled.

For instance, it was for some time a matter of doubt whether
the metal thallium, discovered by means of spectrum analysis
by Mr. Crookes, ought to be classed with the alkali-metals or
with lead, inasmuch as it showed great analogy with both these
elements. Tf classed with lead, the chloride of thallium must
be represented by the formula TICl,, and its atomic weight must
be 407-2. 1If it be classed with the group of alkali-metals the
chloride must have the formula TIC], and its atomic weight will
be 2036. Now DRegnault determined the specific heat of
thallium to be 00335, thus deciding the question in favour of
the latter view, since 0:0335 x 2036 = 6'8.

Indium is another new metal discovered by spectrum analysis.
The chloride of this metal contains 378 parts by weight of metal
to 3546 parts by weight of chlorine. Indium, however, has
a very considerable resemblance to zine and cadmium, and
for this reason the chloride was supposed to have the formula
InCl, giving an atomic weight of 756 to the metal. In 1870
Bunsen! ascertained by means of his ice calorimeter that the
specific heat of indium is 0:057. Now 0057 x 756 =43, or
only two-thirds of the atomic heat of the other metals. Hence
we must assume that the true atomic weight of the metal is
756 x $=1134. This would give the formula for the chloride,
InCl,.

In a similar manner the specific heats of the metals cerium,

1 Phil. Mag. [4], sli 161, 392,
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didymium, and lanthanum have recently been determined by
Hillebrand with Bunsen’s ice calorimeter?® with the following
results :—

Didymium. . . = 004563

Lanthanum . . 004485

Cernms Syt el 004479

lI

I

Up to this time these metals were considered to be dyads,
their lowest oxides were supposed to be monoxides DiO, LaO,
CeO, the corresponding chlorides being DiCl, LaCl,, CeCl,
and the atomic weights of these metals Di = 942, La = 920,
Ce = 933, and their atomic heats 4°4, 4’1, and 4°1 respectively.
If, however, we assume, as in the case of indium, that the lowest
oxides of these metals are sesquioxides Di,0;, La,0,, and Ce,Os,
then the above weights will become Di= 142, Ta =138,
Ce = 140, and their atomic heats will be in accordance with
Dulong and Petit’s law, viz., 67, 6-2, and 63.

The example of uranium may also be quoted. At first this
metal was supposed to have an atomic weight of 120 and to
resemble iron in its chemical characteristics, its oxides having
the formule UO and U,0,. Subsequent investigations proved,
however, that uranium belongs to the chromium group. Hence
it possesses the atomic weight 240, and this conclusion was
confirmed by Zimmermann who found its specific heat to be
002765 and, therefore, its atomic weight to be 239,2

14 CLASSIFICATION OF THE METALS.

1. Metals of the Alkalis. 3. Magnesium Group.
g Beryllium AR
gg(g?lslslilum oy %\Sa, Magnesiom . . . . Mg
‘ RAIAL Zinc VAT

eSS S TRE, & L
S ubidinm Bb GadiniumEee ol T e ed

Caestom . .. . . Cs 4. Lead Group.

Deaqsas A Bttt AR
I im S S N S CTT

5. Copper Group.

2. Metals of the Alkaline Earths.

Oy S A (6 ) Clynnaugiag sl el
SEIOTILRINTSS SIS0 8y SIVETE FEOE s R o AT
R o B MieronnysRay St e

1 Pogg. Anm. clviii. 71 2 Ann. Chem. Pharm. ccxxxii, 299,
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6. Cerium Group. 10. Tin Group,
FehbmUTn . ¥o08eh AT Y 3
Lanthanum . . . . La 2t el IR L S
Cerium . . . . . Ce Titaninm, 7+ 7. % L b
Didymium ., . . . Di Zirconinm . . ... Zr
D R b s, SET Vel eilie i s L
Terbium . . . . . Tr Germanium . . . Ge

dterbinmisst. . L Yb
Scandium . . . . Se
Samarium . . . . Sm
11. Antimony Group.

7. Aluminium Group. Vanadium. . . . . V
Aluminium . . . . Al Antimony. . . . . Sb
Indiums &0 0, L In IBismuths e e
Gallu A et L Ga Slantaliim! ST

Niobium . . o1 s8Nb
8. Iron Group.

Manganese . Mn
dionEReespsug w0 Wi Fe
INickelB SN AT 0. 1.7 Ni 12. Gold Group.
EobaltesEss SR SN Co Gold, 17 ZR i
IPlatinnmps Rl SR
9. Chromium Group, Ruthenium . . . . Ru
Chromium . . . . Cr Rheodinmt St e SR
Molybdenum. . . . Mo Palladinnig s s R d
TnngstentSSpl IS W [nidiumi=r e S r e )
(Uranium® e FRsfisies & Osmium . v L ALGROR

15 The metals, like the non-metals, can be arranged in a cer-
tain number of groups dependent upon their chemical analogies.
‘We have seen that the non-metals are classed in four divisions,
according as each element is capable of combining with one, two,
three, or four atoms of hydrogen to form a volatile compound.
In the case of the metallic elements this mode of clussification
cannot be adopted, because, with the single exception of anti-
mony, so intimately related to arsenic, none of the metals form
volatile compounds with hydrogen. Many metals, however,
resemble the non-metals in the power of uniting with the monad
alcohol-radicals to form volatile compounds. These metallo-
organic substances serve equally as well as the hydrides for the
pwrpose of determining the quantivalence of an elenient, inas-
much as these may be considered to be hydrides in which each
atom of hydrogen has been replaced by a monad-radical such
as methyl, CH,  This relation is scen in the following
talle :—
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Hydrochloric Acid. Water. Amnimonia. Silicon Hydride,
" H
181 H I e
Gy Hto E}N Hisi
H
Methyl Chloride. Methyl Oxile. Trimethylamine. Silicon Methyl.
H.
CH, CH, el OHS (i
cl CH, }0 CHs} h e
3 CH,

The following are some of the volatile methyl compounds of
the metals which have already been prepared :—

Zinc Mcthyl, Antimony Methyl. Tin Methyl.
CH 3
CH, | s CH

CHzJ Zn 833 }Sb CHZ Sn.
3 CH,

Mercury Methyl.  Aluminium Methyl. Lead Methyl.

CH.lu o L ci,

CH3} g s cH, ¢ TP
s CH,

These volatile compounds correspond to those which the
metals, as well as the non-metals, form with the elements of the
chlorine group. These latter may, therefore, also serve as a means
of ascertaining the quantivalence of an element. Indeed in the
case of the metals this method is especially valuable, as the
metallic elements all combine with the members of the chlorine
group to form compounds which can usually be easily volatil-
ized. The following haloid compounds have been thus employed
for ascertaining the quantivalence of their constituent metals.

L 1L IIL. IWA o Ve VL
KI BeCl, ~AICL, TiCl, NbCI,  WClg
RbCl  CrCl, CrCl;  VCl, TaCl,

CsCl  FeCl, FeCl;  GeCl,  MoCl,
CsI Cu,Cl, GaCl,  SnCl, WOl
AgCl  ZnCl, InCl, ZrCl,
InCl  GaCl,  SbCl, UCL
TICI  SnCl, BiCL

InCl,

HgCl,

PbCl,
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16 It is well to notice that in order to arrive at a definite
conclusion as regards the molecular furmula of a chloride, the
vapour densi¥ should remain constant through a considerable
range of temperature, as it is found in many instances that the
vapour density of the compound diminishes gradually with
increase of temperature, and only attains a constant value at
temperatures considerably above the boiling point. The same
fact has been observed with substances boiling at quite low
temperatures, as, for example, acetic acid (Vol. IIL, pt. i., p. 494).
In consequence of this, a single determination of the vapour.
density has led to incorrect conclusions with regard to the
formula of several chlorides. Thus the first determination of
the vapour density of ferric chloride, made by V.and C. Meyer,!
agreed approximately with the formula Fe,Cl;, and this was
therefore believed to be correct, Subsequently V. Meyer and
Griinewald 2 showed that the vapour density of ferric chloride 1s,
even at 448° rather less than corresponds to the formula Fe,Clg
and that as the temperature rises the density gradually becomes
less, until at 750° the value closely agrees with the formula
FeCl;, and remains constant at that value up to 1,077°,
after which dissociation into ferrous chloride and chlorine
commences. This entitles us to say that the true formula of
ferric chloride is FeCl,, and that iron in the ferric compounds
acts as a triad, and is not, as was formerly considered, a
tetrad.

Another instance of a similar kind has been observed in the
case of aluminium chloride; the older experiments of Deville
and Troost in 1857 gave the vapour density at 93, corresponding
to the formula Al,Cl;, and this compound was, therefore, repre-
sented by the formula

Cl 1
&1y
Cl—Al—Al—Cl
=1y
a

Nilson and Pettersen,? in repeating this determination in 1887
at higher temperatures, obtained the following numbers :

- Y Ber. Deutsch. Chem. Ges. xii, 1,195,
2 Ber. Deutsch. Chem. Ges. xxi. 687.
8 Zcit, Physik. Chem. 1887, 463,

52



26 THE METALS.

Temperature. Vapour density.
44.0° 7-789
758° 4802
835° 4542
043° 4557

M S 4269
1,244° 4247
1,260° 4277

The calculated value for the formula AL Cl; is 92, and for AlCl,
4°6.

Further examples of this change of density are found in
the case of stannous chloride and ferrous chloride; in both of
these cases the demsity at low temperatures is variable, being
lower than that required by the doubled formulee Sn,Cl,, Fe,Cl,,
although higher than that needed by the simpler formule
SnCl,, FeCl, ; at higher temperatures, however, a constant value
corresponding to the simpler formula is obtained. Chromic
chloride has likewise proved to have the formula CrCl,, and the
double formule so long employed for the ferric, chromic, and
aluminium salts must therefore now be abandoned.

An instance of an opposite character occurs in the case of
cuprous chloride. The vapour density of this compound was
found by V. and C. Meyer to correspond to the formula Cu,Cl,
at a bright red heat, and a later determination made at a white
heat led to the same formula.

The constitution of cuprous and cupric chlorides may be
represented by the formule :

Cuprous Chloride. Cupric Chloride.
Cl—Cu—Cu—CL Cl—Cu—Cl.

copper being regarded as a dyad in both cases. Mercurous and
silver chlorides are undoubtedly analogous compounds to cuprous
chloride and might be represented as follows :—

Merenrous Chlrride. Silver Chloride.
Cl—Hg—Hg—ClL Cl—Ag—Ag—Cl,

The vapour density of mercuric chloride has, however, been
found to correspond to the simpler formula HgCl, from which
it would appear that mercury is a monad in the mercurous
compounds. The supporters of the theory that mercury was
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always a dyad, refused to accept the vapour density determina-~
tion as a proof of the simpler formula, and suggested that the
molecules Hg,Cl, like those of ammonium chloride (p. 177)
do not exist in the gaseous form, but split up on volatiliza-
tion into mercury and mercuric chloride, which reunite on
cooling :

Hg,Cl, = Hg + HgCl,

If this decomposition were complete the observed vapourdensity
would be identical with that required by the formula HgCL

In favour of this supposition was the observation of Erlen-
meyer ! that sublimed calomel always contains small quantities of
mercuric chloride and mercury, whilst Odling 2 showed that gold
leaf is amalgamated when exposed to calomel vapour at 400°;
these experiments, bowever, only show that partial decomposi-
tion occurs, and do not prove the complete dissociation which
must take place if the formula is Hg,Cl,. Debray,® on the other
hand, fourd that a considerable portion of the calomel remains
undecomposed at 440°, and Fileti* showed that when a mixture
of mercuric and mereurous chlorides is heated to about 400 in
a platinum tube, into which is introduced a silver-gilt tube
traversed by a stream of cold water, no amalgamation whatever
occurs, and the vapour density of mercurous chloride, calculated
from that of the mixture, still agrees with the formula HgCl,
and this must therefore be regarded as the correct molecular
formula.

The vapour density of silver chloride has also been recently
determined by V. Meyer and Biltz?® and though, as would be ex-
pected, the numbers obtained at the high temperature necessary
for the determination (1735°) are not very exact, they are sufficient
to show that the molecular formula is AgCl and not Ag,Cl,.

The vapour density of the compounds which some of the
metals form with the alcohol radicals lead to very similar
results, as will be seen by reference to the formule on p. 24. In
the case of aluminium methyl, the vapour density found at 160°
corresponds to the formula AL(CHy), but at 220° the molecular

1 Ann. Chem. Pharm. cxxxi. 124,
3 Jahresh. 1864, 280.

3 Compt. Rend. 1xxxiii. 330.

¢ Gaxz. Chim. 1881, 341,

8 Zeit, Physik. Chem. iv. 249,
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formula is Al(CH,), Lead forms two compounds with the
radical ethyl, namely

L C,H CH
Sase Pboand C;HZ} Pb—Pb {CZHZ

e 02H5 2H5
C,H;

in both of which it acts as a tetrad. The vapour density of
lead chloride, on the other hand, found by Roscoe® to be 949,
corresponds to the formula PbCl, in which lead clearly acts as
a dyad.

The volatile bromides and iodides serve even more imperfectly
than the chlorides for controlling the quantivalence of an ele-
ment, for the power of combination with bromine and iodine
which the non-metals as well as the metals possess is, as a rule,
less than is the case with chlorine. Thus phosphorus pentabromide
can only exist at a low temperature, and when gently warmed
it decomposes into tribromide and bromine, whilst a pentaiodide
of phosphorus is unknown.

The definite results which have now been obtained with
regard to a large number of metallic chlorides, necessitate a
considerable modification of the older views concerning the
quantivalence of the elements, which can now no longer be
regarded as being of constant value, or even as varying in a
regular manner. Thus, in the case of indium, three volatile
chlorides are known having the formulz InCl, InCl,, and InCl,,
in which the metal is a monad, dyad, and triad respectively.
Tron is a dyad in ferrous chloride, and a triad in ferric chloride,
whilst tungsten acts both as a pentad and a hexad.

In addition to the variation of the quantivalence of a metal as
deduced from its different chlorides, a variation is also frequently
observed between the quantivalence obtained from the vapour
density of a metallic chloride, and that founded upon the general
chemical relations of the metal. Thus the only volatile chloride
of vanadium has the formula VCl,, whilst its general deport-
ment is analogous to that of nitrogen, phosphorus, &c., and it
behaves as a triad or a pentad. Again, the only volatile chloride
of molybdenum has the formula MoCl;, but in many other
compounds, such as molybdic acid and the molybdates, it is a
hexad.

' 1 Proc. Roy. Soc., xxviL, 426.
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A similar variation in the quantivalence is also observable, in
‘the case of a few compounds of the non-metals.

The most striking example of this is found in the case of
nitrogen ; this element in most of its derivatives behaves as a
triad or a pentad, but some of its compounds with oxygen
occupy an exceptional position. Thus, for example, in nitric
oxide, NO, it must be regarded as a dyad, and in nitrogen per-
oxide, which at temperatures above 140° has the molecular
formula NO,, nitrogen must be classed as a tetrad.

Again the molecular formula of the highest oxide of chlorine
is ClO, as shown by its vapour density at 10°! and this leads
to the remarkable conclusion that chlorine in this compound is
a tetrad.

3 Pebal and Schacherl, Ann. Chem. Pharm. cexiii. 113,
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MEeTALLIC OXIDES AND HYDROXIDES.

19 All the metals combine with oxygen. Some, such as those
of the alkalis and alkaline earths, unite with oxygen so readily
that they have to be preserved out of contact with air or with
any compound containing oxygen. Other metals withstand the
action of oxygen at the ordinary temperature, but combine with
it when heated. When the metals are easily volatile, as is the
case with magnesium and zine, they burn with a bright flame
in the air or in oxygen. If they do not volatilize readily, like
tin and lead, the metals gradually undergo oxidation without
evolution of light and heat. A few metals such as gold and
platinum cannot be made to unite directly with oxygen, even
at the highest temperatures. The oxides of such metals can
however be prepared by indirect means; chlorine attacks all
metals, and if the chlorides of these metals which are not
directly oxidizable be decomposed by an alkali, their oxides are
formed thus:— 3

2AuCl + 2KOH = Au,0 + 2KCl + H,0.

There is good reason to suppose that the simple formule
usually employed to designate the composition of metallic
oxides are not molecular formule ; thus the oxides of potassium,
zinc, and antimony, are represented by the formule K,0,ZrO,
and Sb,0,, and as the metals themselves are volatile, we should
expect such simple derivatives to be also volatile. This is,
however, not the case, and the molecular formul® must there-
fore be a multiple of those given above,

The metallic oxides may be divided into three groups, (1)
Basic oxides, (2) Peroxides, (3) Acid-forming oxides.

(1.) Basic Oxides—The most characteristic property of this
class of oxides is their power of uniting with acids to form salts.
In this act of combination water is always formed. Hence these
oxides may be regarded as water in which hydrogen is replaced
by a metal. When this replacement is only a partial one, com-
pounds termed hydroxzides are produced. These were formerly
called Liydrates, as they were supposed to be compounds of the
oxides with water,

The solubie oxides and hydroxides possess an alkaline reaction
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they colour red litmus paper blue, turn yellow turmeric paper
brown, and change the tint of many red and violet vegetable
colours to green. The hydroxides of the alkali-metals are the
most soluble. Theyare termed alkalis, and are distinguished by
their caustic taste. The hydroxides of the metals of the alkaline
earths are less soluble. Most of the other hydroxides and basic
oxides are almost insoluble in water.  Exceptions to this law
are seen in the case of thallium hydroxide, which is very soluble
in water, as well as in the oxides of lead, silver, and magaesium,
which dissolve very slightly. Many metals yield two or more
basic oxides, and corresponding hydroxides. These compounds
may be represented as water in which the hydrogen is wholly or
in part replaced by metal. Thus:—

Mercurous oxide %§>O Mercuric oxide Hg = O.
Ferrous oxide Fe=0 Ferric oxide Fe=0
| >o.
Fe=0
/01
Ferrous hydroxide Fe/ 8% Ferric hydroxide Fe—OH
B\ \OH

Ag previously noted, the above must not be looked upon as
molecular formule.  They simply serve to express the fact
that if the metal be replaced by hydrogen, as may readily
be effected by the action of an acid, water and a salt are the
only substances formed.

(2) Perocides—This class of oxides contain more oxygen
than the basic oxides. When heated they usually yield the cor-
responding basic oxide, and in this respect resemble hydrogen
peroxide, which readily decomposes into water and oxygen.

Treated with hydrochloric acid they give rise either to (1)
hydrogen peroxide, or (2) chlorine :—

(1) BaO, + 2HCl = BaCl, + H,0,  (2) MnO, + 4HCL = MnCl, + 2H,0 + Cl,

When sulphuric acid acts on a peroxide with formation of
either hydrogen peroxide or oxygen, the latter reaction always
occurs when the mixture is heated.

(8) Acid-forming Oxides.—These oxides are especially charac-
teristic of the non-metallic clements, though they likewise occur
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amongst the metals. They contain more oxygen than the
peroxides, and they are characterized by their power of com-
bining with water to form hydroxides, which are termed acids.
In the case of the metals as in that of the non-metals, it not
unfrequently bappens that the acid corresponding to the acid-
forming oxide is either not known in the free state, or can ounly
be obtained in aqueous solution. No well-defined line can be
drawn between these three classes of oxides. It is easy to
distinguish between the extreme members of the series, as the
alkalis, or alkaline éarths, and oxides, which form strongly acid
hydroxides. But we are acquainted with many cases in which
basic oxides or peroxides act as weak acids in presence of
powerful bases, whilst on the other hand many peroxides and
acid-forming oxides play the part of bases towards a strong acid.
As with the non-metals so we find that the number of oxides of
a metal is larger than that of the chlorides. Thus vanadium
forms the following oxides corresponding to the oxides of nitrogen:
V.0, VO, V,0,, VO,, V,0,, Manganese forms the following :—
MnO, Mn,0;, MnO,, Mn,0,. This last oxide unites with
water to form permanganic acid, MnO,(OH); and in addition
we are acquainted with manganic acid, MnO,(OH),. ~Hence
manganese in these compounds is, like sulphur, di- tetra-
and hexa-valent, and, like chlorine, also tri- and hepta-valent,

Acips.

20 The only acid known to the anciénts was vinegar or acetic
acid. Hence the name of this substance and the notion of
acidity were represented by closely-related words (d&os, acetus,
vinegar ; 8£ds, acidus, acid). The power of vinegar to produce
an effervescence when brought on to the carbonate of an alkali
was observed in early times.—Thus we read in Proverbs xxv,
20, ¢ As he that taketh away a garment in cold weather, and as
vinegar upon nitre, so is he that singeth songs to an heavy
heart.” Nitre in this case stands for natron or native carbon-
ate of soda. It was also well known that vinegar acts as a
solvent upon many substances, as in the celebrated story of
Cleopatra dissolving pearls. The Arabians were acquainted
with many other acids. Geber termed nitric acid aqua dissoli-
tiva, and he gives the same name to the liquid obtained by
strongly heating alum in a retort, which was probably dilute
sulphuric acid. This shows that the special characteristic of an
acid, according to the older alchemists, was its power of dissolving
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substances which are insoluble in water. Other properties com-
mon to the whole class of acids were not observed until a much
luter date. In 1668 Tachenius noticed that all acids are capable
of combining with alkalis. Hence he considered silica to be an
acid. Boyle! defines an acid as follows: “ It is a body which (1)
acts as a solvent but acts with varying power on different bodies ;
(2) Tt precipitates sulphur and other bodies from their solutions
in alkalis; (8) It turns blue vegetable colouring matter red,
whilst alkalis bring the blue colour back again; (4) It can
combine with an alkali when the characteristic properties of
each body disappear and a neutral salt is formed.” These
properties were henceforward regarded as the special character-
istic of acids, and accordingly F. Hofmann in 1723 asserted
that the spiritus mineralis, which exists in many mineral
springs, and which we term carbonie acid, belongs to the class
of acids as it turns blue litmus solution red. Forty years
later Bergman strengthened this conclusion by showing that
this same substance possesses the power of destroying the
caustic nature of the alkalis, giving rise to a distinet class of
salts. ]

The question as to the essential nature of acids was one
often discussed, but no definite result was arrived at inasmuch
as experiment was not appealed to. Lavoisier pointed out that
the element oxygen was contained in all the acids- which he
examined, and accordingly he gave to this substance the name
which it now bears. The fact that all acids contain oxygen, was
soon generally acknowledged. But, on the other hand, it was
denied by some, especially by Berthollet, that oxygen is the
acidifying principle. e based this conclusion on his experi-
ments upon prussic acid and sulphuretted hydrogen, both of which
are acid bodies although they do not- contain any oxygen.
These opinions however met with but little recognition. Lavoi-
sier’s views carried the day, and oxygen was generally con-
sidered to be the true acidifying principle, it being assumed
that sulphuretted hydrogen and prussic acid contained this
element. The next step in the progress of our knowledge on
this subject was Davy's investigation on chlorine and hydro-
chloric acid, carried out in 1808-1810. He proved that a
powerful acid exists which certainly does not contain oxyge.
Gay-Lussac's discovery of hydriodic acid, and the proof that
prussic acid likewise contains no oxygen, soon came in corrobo-

3 Reflections upon the Hypothesis of Alcali and Acidum, iv. 284,
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ration of this view. Acids were henceforth divided into two
classes : the ory-acids, and the hydracids. Under the first
heading were placed all those bodies to which we now give the
name of acid-forming oxides. The true oxy-acids were con-
sidered to be the hydrates of these oxides.

Much discussion as to the nature of the true acidifying prin-
ciple followed these discoveries. Gay-Lussac, reasoning from the
composition of the hydracids such as hydrochloric, hydriodic, &e.,
believed that hydrogen is to be regarded as the essential consti-
tuent of an acid, whilst in the case of the oxy-acids, oxygen is
the acid-producing substance. Dulong was the first to suggest,
in 1816, that all acids must be considered as belonging to one
type, that they all contain hydrogen on the one hand and some
other element or groups of elements on the other. This idea
was, however, by no means generally admitted by chemists of
the time, and it is only in recent years that this view has been
reproduced and almost universally adopted.

The subsequent development of this theory is intimately
connected with the subject of the constitution of salts, which
we now proceed to discuss.

COXNSTITUTION OF SALTS.

21 The word salt even at the present day is commonly applied
to sea-salt or sodium chloride, and there can be little doubt that
originally the term was given to the same substance, the Greek
form of the word (&\s), in the feminine being used for the sea
itself, whereas in the masculine it denoted the solid residue left
when sea water is evaporated. The growth of the application
of the word salt from a special to a generic term, appears to
have had its origin in the fact that just as common salt is
obtained by the evaporation of sea-water, so other kinds of salt
can be obtained by the evaporation of other liquids, as when,
for instance, wood-ashes are boiled with water the clear solution
yields on evaporation a white soluble residue to which the name
of salt was applied. This extension of the term, as Kopp re-
marks, was, however, not accompanied by any knowledge of the

_differences between the substances thus classed together, exhibit-
ing indeed ignorance with respect to the chemical differences
of these various soluble substances. Even up to the end of the
last century the wider application of the word salt may be said
to have been prevalent. Amongst the alchemistic writings of
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the thirteenth century the words salpetree, salnitri, salmari-
num, salarmoniacum, salvegetabile and the like oceur; these
bodies are all soluble in water and may be again obtained from
solution by evaporation. The ideas connected with these salts
were vague and indefinite. But a new meaning was given to
the word salt by Basil Valentine. He applied the term to
the solid bodies obtained by the combustion of substances.
This view was also upheld by Paracelsus, and was generally,
though not universally, adopted by chemists. Thus we find
in the seventeenth century that salt was considered to be one
of the hypothetical essential constituents of all bodies, all in-
organic substances being made up of salt, sulphur, and mercury
(see Historical Introduction, Vol. I. p. 6). This view of the
word salt as an essential constituent of all bodies was strongly
opposed by Boyle, who paid much attention to the investigation
of salts, and to whom we owe much of our knowlege of the
special nature of the different salts. e was not able, however,
exactly to define to what class of bodies the term salt ought to
be applied. This was specially accomplished by Boerhave, who
in his Elementia Chemice, published in 1732, describes the
special properties of ‘salts to be their solubility, fusibility, vola-
tility, and taste. According to this definition, however, alkalis
and acids must also be considered as salts, and these were,
therefore, divided into salia alcalina, salia acida, salia salsa, salia
media, salia neutra, and salia composita. Under the last named
was understood a class of salts obtained by the union of an acid
with an alkali or metallic calx. The chief characteristics of the
salt still remained—their solubility and peculiar taste. It was
soon seen that such a definition leads to contradictions, for baryta,
nitric acid, and sulphuric acid would thus be salts as well as
nitrate of barium, whilst sulphate of barium, which is insoluble
and, therefore, possesses no taste, would not be a salt. Hence
the necessity became obvious of separating alkalis and acids from
the true salts, or salia media as they were called, and the word
salt was now taken to mean such substances as are obtained
when an acid and a base are brought together or when an alkali
or metallic calx is neutralized by an acid. After the fall of the
phlogistic system, and after Davy’s discovery of the compound
nature of the alkalis, it was generally admitted that all salts are”
compounds of a basic- with an acid-oxide. This definition, how-
ever, became unsatisfactory as soon as the hydracids were dis-
covered. From this time forward salts were divided into two
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classes, those which contain oxygen and are termed amphid
salts and those which are free from oxygen and are termed
naloid salts. Berzelius included the sulpho- and seleno-salts
under the term amphid salts, inasmuch as these elements like
oxygen form basic as well as acid compounds. Hence he termed
these elements amphids, whilst to the elements of the chlorine
group which combine directly with metals to form salts he gave
the name haloids. This view held its ground for a considerable
length of time, although it necessitated a different explanation
for reactions which are in fact similar. Thus, for instance, when
hydrochloric acid acts upon zine it was assumed that the metal
simply replaced the hydrogen of the acid:

Zn +2HCl =H, + ZnCl,

‘When, however, sulphuric acid acts upon zinc it was necessary
to assume that the presence of the acid enabled the zinc to
decompose the water (predisposing affinity) in order that an
oxide may be formed with which the acid can unite; the
reaction was, accordingly, represented as taking place in two
stages :

(1) Zn + H,0=H, + ZnO.
(2) SO; + Zn0O =S0,,Zn0.

In the same way when hydrochloric acid combines with lime,
water is formed. © On the other hand, when the same base com-
bines with sulphuric acid no water is produced :

(1) 2HCI + CaO = H,0 + CaCl,.
(2) SO, + Ca0 =S0,,Ca0.

22 In 1838, Liebig published his important investigation on
the constitution of the organic acids. In this memoir,! he dis-
cussed the question whether the salts and oxyacids are com-
pounds of a metallic oxide or of water with an acid-oxide, or
whether Dulong and Davy’s view is the more correct one, viz.,
that all acids and salts may be represented as combinations of
metals, or of hydrogen, with elements or groups of elements.
Liebig points out that this latter definition does away with the
diffcrences between oxyacids and hydracids, and between am-
phid salts and haloid salts. According to this view, acids are
simply hydrogen compounds, and when this hydrogen is replaced
by a metal a salt is formed. In Liebig’s opinion the view is less

1 Ann. Pharm. xxvi. 113,
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applicable to inorganic than to organic compounds. Nor was it
until certain facts became known which were favourable to this
theory, that it was generally admitted that acids and salts possess
an analogous constitution,

If aqueous hydrochloric acid is decomposed by a galvanic
current, chlorine is evolved at the positive pole and hydrogen
is liberated at the negative. If dilute sulphuric acid is treated
in a similar way a simple decomposition of water apparently
takes place, for at the positive pole we obtain pure oxygen and at
the negative pure hydrogen. The same phenomenon is observed
in the electrolytic decomposition of a solution of sodium sul-
phate, but at the same time sulphuric acid is liberated at the
positive pole whilst soda makes its appearance at the negative
pole together with the hydrogen. Hence, in this case, it was
argued that the current decomposed both the ‘water into its
elements and the salt into its immediate components. If a solu-
tion of sulphate of copper be subjected to the same treatment
oxygen is evolved at the positive pole and sulphuric acid liberated,
whilst at the negative pole metallic copper separates out; this
was explained Dy the supposition that the copper oxide which
ought to be deposited is reduced to the condition of metal by the
nascent hydrogen.

‘T'hese phenomena were specially examined by Prof. Daniell.l
It appeared to him important to determine the relation between
the quantity of oxygen and hydrogen, on the one side, and of
the acid and the alkali on the other, formed in the electrolysis
of a salt of an alkali; and as the result of a large number of
careful experiments he found that these several substances are
produced in the proportion of their equivalents, and that this is
true not only in the case of sodium sulphate, but also in the
cases of other salts of the alkalis. Daniell also observed the re-
markable fact that the same current which apparently is capable
of producing these two decompositions is capable of liberating
exactly the same quantity of hydrogen and of oxygen from
dilute sulphuric acid. In this latter case, therefore, the current
was apparently able to effect only half the work which it was
capable of producing in the decomposition of an aqueous saline
solution, because in this case not only the salt but, as it seemed,
the water also, underwent decomposition. This is however
clearly impossible, and the phenomena observed can be readily
explained by assuming that in the decomposition both of aqueous

1 Introduction to Chemical Philosophy, second edition, p. 533.
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sulphuric acid and of the solution of a sulphate, either hydrogen
or a metal is liberated at the negative pole, whilst at the positive
pole the group SO, is set free. But this cannot exist in the free
condition, as it decomposes at once into oxygen and sulphur tri-
oxide, the latter dissolving instantly with formation of sulphuric
acid. When a salt of an alkali is decomposed, the metal which
is evolved instantly decomposes the water with evolution of
hydrogen. According to this view the electrolytic decomposi-
tion of the oxysalts is exactly analogous to that of the chlorides,
and hence they must be similarly constituted. Daniell proposed
a new nomencla ure for the oxysalts:

H,SO, 'Hydrogen oxysulfion.
Na,80, Sodiumn oxysulfion.
HNO, Hydrogen oxynitrion, &ec.

This proposal has, however, never been generally adopted, and
even the old views respecting the constitution of the oxysalts
can only be said to be slowly disappearing.

23 If we ask ourselves the question, What is the cause of the
acid character of bodies ? we may say that acids must contain
hydrogen together with certain elements or groups of elements
which are termed negative elements or groups, inasmuch as these
are separated out at the positive pole in the act of electrolysis.
A compound may however contain both these negative elements
or groups of elements, and also hydrogen, and yet not belong to
the class of acids. Hence it appears that the atoms or groups of
atoms must be combined with hydrogen according to a particular
plan in order that the compound may assume the character of
an acid. Sir Humphry Davy,! in 1816, pointed out perfectly
correctly, that it is impossible to assert that a particular body
is an acid-forming or an alkali-forming principle, and that such
a definition would be to introduece nothing more than qualitates
occultas into science. The chemical properties of a body are,
said Davy, determined by “the corpuscular arrangement” of
the constituent particles.

Amongst the different acids the hydrogen compounds of the
elements of the chlorine group possess the simplest constitution.
They contain one atom of hydrogen combined with one atom of
a pawerful negative element. Inthe oxygen acids the hydrogen
which can be replaced by metals is always found to be combined
with oxygen in the form of the radical hydroxyl, OH, but it

1 Jour. Sc. and Arts, Roy. Inst. 1816.
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still does not follow that the number of hydroxyl molecules
represents the basicity of an acid, although this is frequently the
case, as is seen by the following examples :—

Hypochlorous Acid. Nitrie Acid.
CLOH NO,0H
Sulphuric Acid. Phosphoric Acid.
OH OH
80,4 om P04 OH
OH

The organic acids assist us more than any other class in the
solution of the problem, as to what determines the acid nature
of a compound. In by far the majority of these bodies the
group OH is combined with the group CO ; hence the following
are monobasic :—

Formic Acid, Acctic Acid, Oxyacetic Acid.
H CH, CH,OH
COOH COOH COOH
Whilst on the other hand the following are dibasic :—
Malonic Acid. Succinic Acid.
COOH COOIIL
CH%{ COOH CoH, { COOH

The monad radical of nitric acid, nitroxyl, NO,, can also in
combination with carbon give rise to acids, but only when the
carbon atom with which the nitroxyl is connected is also com-
bined with hydrogen. Thus, if one atom of hydrogen in ethane
be replaced by nitroxyl we obtain the acid nitro-ethane which,
when acted upon by bromine, a strongly negative element, is
converted into a strong acid bromonitro-ethane, C,H ,BrNO,, If
however one atom of hydrogen in this compound be replaced by
bromine, a perfectly neutral substance is obtained termed
dibromonitro-ethane, C,H,Br,NO, The constitution of these
bodies is a3 follows :—

CH, CH, { CH,
{ CH,NO, CHBrNO, CBr,NO,
The four atoms of hydrogen of marsh gas can also be replaced
by nitroxyl:—

CH,NO, CH,NO), CH(NO,),  C(NOy,

The three first of these substances are acids, whilst the fourth
is a perfectly neutral substance.
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Salts may be classed into several groups.

24 (1) Normal salts are those in which the whole of the Te-
placeable hydrogen is completely replaced by a metal. ~ These
were formerly called neutral salts, or salia media, because it was
noticed that when an alkali was added in the right proportion
to a powerful acid the resulting salt possessed neither an alka-
line nor an acid reaction. This is, however, not the case with
every normal salt. Those which are formed by the action of
a weak acid on a strong base, when they are soluble in water
usually possess-an aikaline reaction: such are potassium carbon-
ate, K,CO, ; sodium phosphate, Na,PO,. On the other hand, the
normal salts obtained by neutralizing strong acids with weak
bases have an acid reaction, thus alnminiuin sulphate, AL(SO,),;
copper sulphate, CuSO,, and many other salts of the heavy
metals. ¢ 3

Polybasic acids can form salts containing two or more different
metals; thus, for instance, potassium sodinm carbonate, CO { 8§a
Polyatomic metals, on the other hand, often «‘rive rise to salts
which contain two acid radicals: thus, sed 1 OL H (& compound

which is at the same time a nitrate and an acetate; as another

0]
example the mineral vanadinite may be cited, VO{O { i
0CaCl’
which is a calcium salt of tribasic vanadic acid and at the
same time a chloride.
25 (2) Acid salts are formed when only a portion of the replace-
able hydrogen contained in a polybasic acid is substituted by a
metal. The acid salts often possess an acid reaction, as is the

case with the acid potassium sulphate, SOz-{ 85, but this reaction

is dependent on the nature of the acid and the base. Thus,

hydrogen potassium carbonate, CO-{ 8%, has a neutral reaction ;
ONa

common or rhombic sodium phosphate’, PO{ 81\1 a, possesses

a slightly alkaline reaction, whilst the dihydrogen sodium

ONa :
phosphate, PO«{ OH , is slightly acid.
OH i

(3) A third class of salts is formed by the union of a normal
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salt with an acid-forming oxide, or when an acid salt is heated so _
as to expel water. These salts are also often termed acid salts,
although they do mot contain hydrogen which can be replaced
by a metal. To this class of salts belongs potassium disulphate
or pyrosulphate, K,S,0,. This salt is obtained by the combin-
ation of sulphur trioxide with the normal sulphate, or by heating
the acid potassium sulphate:

s0,{ 0K g0, {OK
4 l OH 0 + H,0.

G
230k %7 0k

Potassium dichromate (bichromate of potash), K,Cr,0,, and
sodium pyrophosphate, Na,P,0;, possess a strictly analogous
composition, the latter salt being obtained by heating the
mono-hydrogen phosphate to redness :

ONa
b ONa
PO ;Oha i
OH PO {Ol\a
= 0O +H,O.
OH =
poJoNa FO { o
ONa 2

Other phosphates of more complicated composition as well as
many borates, such as borax, Na,B,0;, belong to this class;
thus the salt Na B,O, ; lagonite, Fe,B,O,,; and boromagnesite,
Mg,B,0,,.

Supposing the above represent the true molecular formule of
these compounds, which is at best doubtful, their constitution
may be represented by the following graphical formule :—

Na,B,0,.
/ON L p/ONE 0~
Na— O———B\O/.B—O B\O/P O—Na.
NagB,0,
Na\ /Na.
2N 5
Al O—1|3—0——B\
0 |
Na” (0} (8] \Na.
.LJ‘('I Na.
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Fe,B;0,,
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0
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(0] (0)

3o P g B
g\ 7 B\ / B\ A B\ VNS
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Mg Mg Mg
The class of silicates, which as a rule have a complicated con-
stitution, may also be represented in a similar way ; the following
examples may be taken as illustrations of this class :—

M

Petalite. Serpentine.
0=8-0-S8i=0 Sl dpts gy
I ZAIRS Z
(!) (0) OT QSO0 6\0
| [, NN SR
Na Li Mg Mg Mg

Of course the atoms may be represented as grouped in different
ways; the above formule are only intended to point out how
the atoms of triad boron and tetrad silicon may be held
together in a compound.

(4) Basic salts are formed by the combination of a normal salt
with an hydroxide. Thus, if a solution of lead nitrate be boiled
with lead hydroxide, a basic lead nitrate is formed:

ONO OH _ OH
Pb {0N0§ +p O =2 pp { oo,

In the same way basic zinc chloride, Zn{ 8111’ may be obtained.

Basic bismuth nitrate, on the other hand, is obtained by the
action of water on the normal salt:

OXO0, OH
Bi< ONO, + 2H,0 = BiX OH 4 2NO,0H.
ONO, ONO,
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Amongst other basic salts may be mentioned :—

Malachite. Blue Carbonate of Copper. White Lead.
co OCuOH co OPbOH
OCuOH (0)
co Pb
OCuOH o 0 co 0]
1 OCuOH OPLOH.

All these basic salts may be considered to be both salts and basic
hydroxides. But we are acquainted with certain salts which do
not contain any hydrogen; thus, for instance, basic mercuric
sulphate, Hg SO, = HgSO, 4+ 2HgO. The constitution of this
compound may be represented as follows—

OHgO
‘{ OHgO } Hg.

SOLUBILITY OF SALTS.

26 Many salts dissolve in water. Some are very soluble, others
are less so. The following table serves to illustrate the variation
in the solubility of different salts.

100 parts of water at 15° dissolve—

Parts.
Calcium chloride, CaCl, . . . . . 400
Potassium carbonate, K,CO,. . . . 1105
Sodium chloride, NaC1 . . . . . 369
Potassium nitrate, KNO; . . . . . 260
Potassium sulphate, K,SO, . . . . 102
Potassium perchlorate, KCIO, . . . 1%
Calcium sulphate, CaSO, . . . . . 0236
Strontium sulphate, SrSO, . . . . 00001

Lead sulphate, PbSO, . . . . . . 000007,

The following salts are insoluble in water: barium sulphate;
silver chloride ; most of the silicates, &c.

A reduction of temperature generally occurs when a salt is
dissolved in water, inasmuch as heat is absorbed by the passage
from the solid to the liquid condition. On the other hand, certain
anhydrous salts evolve heat on solution, because they combine
with water to form hydrates, and because the amount of heat
given out in this act of chemical combination is greater than
that absorbed by the liquefaction of the salt.

Salts are as a rule more soluble in hot than in cold water, and



44 THE METALS.

for this reason a portiou‘ of the salt is deposited in the form of
crystals when the hot saturated solution is allowed to cool. In
some instances the solubility increases at a rate proportional to
the temperature. This is clearly seen in the case of potassium
chloride, the solubility of which in 100 parts of water is shown
by the following table :—

Parts, Difference.

AT 10%- 212D :
20° 347 g;
30° 374 S
40° 401 o
50° 428 . oy

100° 566 :

Generally, however, the solubility increases more rapidly than
the temperature. For instance, 100 parts of water dissolve the
following quantities of nitre :—

Parts. Difference.
At 1 0o 251; 101
20 3182 133
30° 445 53
40° 640 ol
50° 860

100° 2470 '
A satuvated saline solution always boils at a temperature above
100°. The increment above 100° is, however, not proportional
to the amount of salt dissolved, as is shown by the following
examples :— X
Boiling 100 parts of water

point. dissolve
Sodium chloride 109° 418
Potassium nitrate 114° 3274
Potassium iodide 118° 2230
Potassium carbonate 13852 2050

In the case of a salt whose solubility does not increase propor-
tionally with the temperature, the increase may be ascertained
by an interpolation formula similar to those employed in the
calculation of the solubility of gases. The different constants
in the equation have of course to be obtained as the results of
direct experiment. Thus, for nitre, at t°, where S represents the
solubility of the nitre, the expression is:—

S=1332+ 05738t + 0°017168t2 + 0-0000035977t>.
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The solubility of salts may also be represented graphically, as
is seen in Fig. 1. The abscisse give the temperatures, and the
ordinates indicate the amoant of salt which dissolves at this
temperature in 100 parts of water.

If the solubility of a salt increases proportionally to the
temperature, as is the case with potassium chloride, the curve of
solubility becomes a straight line, whilst in cases where this
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proportion does not exist, the lines of solubility are more or less
curved.

The most remarkable case of solubility is that of sodium
sulphate, or Glauber's salts. The curve of solubility of this
salt rises rapidly from 0° to 33°, but from this point the solubility
again diminishes, and at higher temperatures is seen to be still
less. This depends upon the fact that when this salt is dissolved,
the hydrate Na,SO, + 10H,0 exists in solution, and, either alone
or in solution, it undergoes a decomposition at a temperature of
33° into water and the anhydrous salt. The latter differs from
most salts, inasmuch as it is more soluble at low than at high
temperatures. Similar phenomena are observed in the case of
other salts, such as sodium carbonate, which is most soluble in
water at 36> A singular instance of abmormal solubility is
found in the case of calcium sulphate. This dissolves more
readily in cold than in hot water, and is quite insoluble in water
at 120°. Other calciumn salts, especially those of orgaunic acids,
exhibit the same property of being much more soluble in cold
than in hot water.

In the case of mauy salts, especially of those which contain
water of crystallization, such as sulphate, carbonate, and acetate
of sodium, the remarkable fact is observed that when the
saturated solution is allowed to cool quietly in closed vessels, no
crystals separate out, the liquid remaining perfectly transparent.
Such a solution is said to be supersaturated. It contains an
excess of salt in solution, and this, when the liquid is allowed
to remain undisturbed, and is not cooled down to too low a tem-
perature, does not deposit in the form of crystals. If, however,
the solution be shaken or stirred, or if a crystal of the salt be
thrown into the liquid, or even if atmospheric dust come in
contact with it, crystals at once begin to form and in a few
moments the whole mass becomes solid, a considerable elevation
of temperature accompanying this solidification. Sodium acetate
is a salt which is well adapted to show the phenomenon of
supersaturation in a striking manuer. For this purpose the
crystallized salt is gently warmed in a flask with a small
quantity of water until all is dissolved, care being taken not to
allow any of the crystals to remain attached to the glass above
the solution. The neck of the flask is then closed with a plug
of cotton-wool and the whole allowed gradually to cool. If the
smallest erystal of sodinm acetate be thrown into the liquid
when cold, a erystallization at once commences round the small
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particle, and in a few seconds the whole has assumed the solid
form. This singular crystallization appears to be brought about
only when the solution comes in contact with a solid or pro-
bably with a crystalline body, or when the solution is cooled
down to a low temperature. Thus, for instance, air which
has been rendered free from dust by means of smlphuric acid
does not bring about crystallization, and the solution may even
be stirred with a glass rod which has been heated to redness
without bringing about the change (Lowel). According to
Violette and Gernez this erystallization is only effected by the
presence of a crystal of the same substance as that in solution,
and which, therefore, possesses the same crystalline form and
contains the same amount of water of crystallization. Gernez *
has also shown that microscopic crystals of sodium sulphate
are always present in the air. Jeannel, on the other hand, found
that when a saturated solution of sodium acetate is brought into
contact with any solid body such as paper, and when a similar
solution of sodium tartrate is stirred with a dry clean glass rod,
crystallization occurs. Hence he assumes that saturated solu-
tions when heated, form peculiar hydrates and that these remain
unaltered when the temperature is lowered, but that vibration
or the presence of 2 crystal of the salt is sufficient to bring
about their decomposition.

When two salts which do not act chemlcal]y upon one another
are dissolved in water, the quantity of each which is dissolved
is as a rule less than if they were dissolved separately. Thus, for
instance, if a concentrated solution of common salt, NaCl, be
shaken np with solid sal-ammoniac, NH,CI], a large proportion
of the latter salt dissolves whilst erystals of common salt
separate out, whereas if common salt be added to a concentrated
solution of sal-ammoniac a portion of the latter salt separates
out. Some few salts dissolve in equal quantity in water whether
alone or in combination with another salt, but in the latter case
less of the second salt is dissolved than would be dissolved in
pure water. The relative quantity depends npon whether the
two salts are shaken up together with water, or whether the one
is dissolved in a saturated solution of the other, or vice versd.
Thus, at 18>7, 100 parts of water dissolved the following quan-
tities of sal-ammoniac and saltpetre :—!

1 Karsten, Philosophic der Chimie.
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Saltpetre in Sal- Sal-ammoniac in ~ Both salts dissolved
ammoniac solution.  Saltpetre solution. together
EINEEICT. <% 5. o5 98 I g I CEEC SRt - 4= 3 9814

IEN Q@ = L SE3Ti6 8T e S SO GRS . 13862

Many salts, both among those which are soluble and those which
are insoluble in water, are found to dissolve in alcohol, whereas
other salts which are easily soluble in water are difficultly soluble
or insoluble in alcohol. For this reason the latter are separated
out in the form of finely divided crystals when alcohol is added
to their aqueous solution. This property is frequently employed
in quantitative analysis, and was first proposed for this purpose
by Bergman in the year 1778.

GENERIC PROPERTIES OF SALTS.

The generic properties of salts and their modes of prepa-
ration have been mentioned in the first volume under the several
acids. The most important of these properties may now be
recapitulated.

Chlorides—The greater number of the chlorides are solid
bodies: a few, such as stannic chloride, SnCl,, and titanium
chloride, TiCl,, are liquids. Some of the solid chlorides melt at
a comparatively low temperature, and, like mercuric chloride,
Hg(l,, and antimony chloride, SbCl,, are easily volatilized. The
majority however can only be vaporized at a red heat or at a
st{l higher temperature. Some, such as gold trichloride, AuCl,,
and platinum tetrachloride, PtCl, decompose into their
elementary constituents when heated. The chlorides which are
insoluble in water are silver chloride, AgCl, mercurous chloride,
HgCj, cuprous chloride, Cu,Cl,, platinum dichloride, PtCL,, and
palladium dichloride, PdCl, Lead chloride and thallium chloride
are difficultly soluble in cold water, although they dissolve readily
in hot. All the soluble chlorides produce with silver nitrate
solution a curdy white precipitate of silver chloride which is
easily soluble in ammonia and is re-precipitated from this
ammoniacal solution by nitricacid. When treated with concen-
trated sulphuric acid the chlorides yield hydrochloric acid ; a
few of the insoluble chlorides are, however, scarcely acted upon
by this substance.

Dromides—The metallic bromides resemble most closely the
corresponding chlorides. Silver bromide is however less soluble
in ammonia than silver chloride. The bromides when treated
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with concentrated sulphuric acid are decomposed with evolution
of hydrobromic acid, free bromine, and sulphur dioxide. Free
chlorine liberates bromine from a solution of a bromide.

Jodides.—This group of salts possesses great analogy with
the corresponding chlorides and bromides. It is distinguished
from them by the fact that silver iodide is insoluble in ammonia,
and that concentrated sulphuric acid decomposes the iodides
with liberation of iodine and sulphur dioxide. Mercuric iodide
is an insoluble scarlet powder, whilst lead iodide forms a yellow
precipitate. This latter dissolves in large quantities of boiling
water, and is again deposited on cooling in bright golden flakes.
The soluble iodides are decomposed by chlorine, bromine, and
nitrous acid, with liberation of iodine.

27 Cyanides.—These compounds are classed with the foregoing,
as they resemble them very closely in their properties, and not
unfrequently occur together with them. The cyanides of the
alkali metals, those of the alkaline earths, and mercuric cyanide,
are soluble in water. The other metallic cyanides are insoluble
in water, but dissolve in cyanide of potassium with formation of
double cyanides. Most cyanides are decomposed by dilute acids
with evolution of hydrocyanic acid, whilst all the soluble simple
cyanides yield with silver nitrate a curdy precipitate of silver
cyanide, AgCN, which is easily soluble in ammonia. This salt
is distinguished from silver chloride, inasmuch as when warmed
with hydrochloric acid, hydrocyanic acid is given off, and when
heated it is decomposed, leaving a residue of metallic silver

Fluorides—The metallic fluorides are distinguished by many
reactions from the foregoing compounds. The fluorides of silver
and tin arve easily soluble in water, those of the alkali metals
and of iron difficultly soluble, and the other fluorides insoluble
in water. Concentrated sulphuric acid decomposes these salts,
lhydrofluoric acid being cvolved, and the presence of which can
be readily recognised by its power of etching upon glass. The
fluorides of the negative or acid-forming elements possess the
very remarkable power of acting towards the fluorides of the
positive elements as acids, thus giving rise to a series of peculiaz
salts known as the double fluorides; thus :—

Potassium hydrofluoride KF + HF = KHF,,
Potassium borofluoride KF + BF, =KBF,,

Fotassinm silicofluoride 2KF + SiF, = K,SiF,
Potassium tantalofluoride 2KF 4+ TaF; = K,TakF,.

.
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* Hypochlorites—The salts of hypochlorous acid are almost
unknown in the free state, as they occur mixed with chlorides.
Their solutions bleach organic colouring matters slowly, but on
the addition of hydrochloric acid the bleaching is rapidly.
effected, inasmuch as chlorine is set at liberty ; thus:—

NaCl + NaOCl + 2HCl = Cl, 4+ 2NaCl+ H,0

This reaction serves to detect the presence of these bodies.

Chlorates—All the chlorates are soluble in water. The most
important of these salts is potassium chlorate, and this is one of
the least soluble. When a solid chlorate is acted upon by strong
sulphuric acid a yellow explosive gas, C10,, is given off, and a
peculiar odour, which at the same time resembles that of chlo-
rine and that of burnt sugar. A few drops of indigo solution
added together with dilute sulphuric acid to the solution of a
chlorate are not decolourized, but if sulphurous acid or sodium
sulphite is gradually added the blue colour is discharged ; this
is due to the formation of hypochlorous acid, thus:—

HCIO, + 2H,80, = HCIO + 2H,S0,

Perchlorates—These salts are also all soluble in water, and
the least soluble is the potassium -salt. On the addition of
sulpliuric acid no explosive or strongly smelling gas is evolved ;
their acid solution does not bleach indigo even on the addition
of a sulphite.

The salts of these oxyacids of chlorine all yield oxygen on
heating and leave a residue of a chloride.

28 Sulphates—The sulphates as arule are soluble in water and
crystallizable. Barium sulphate is insoluble in water; the sul-
phates of strontium and lead are almost insoluble in water, whilst
calcium sulphate requires 500 parts, and silver sulphate 200
parts of water for solution. The metals of the alkalis form
normal and acid sulphates, the metals of the alkaline earths
and magnesium yield only normal sulphates, whilst many
other metals form soluble normal salts as well as more or
less insoluble basic sulphates. Many sulphates possess
the property of forming crystallizable double salts. This is
especially the case with the sulphates of the isomorphous
metals of the magnesium group, which yield compounds
with the sulphates of the alkali metals having the general

formula MSO, + M,S0, + GH,0.



GENERIC PROPERTIES OF SALTS. 51

MgS0, + K,S0, 4 6H,0
CdSO, + (NH,),S0, +6H;0
Cus0, + K,80, + 6H,0

; FeSO, + (NH,),80, + 6H,0

Another important group of the double sulphates is that of

the alwms, which have the general formula )“I.Z(SO D3+ 1\11;.,_804 +
24H,0. -

AL(S0);+ K, SO,  +24H,0

Fe,(S0,); + (NH),S0, + 24H,0

Cr,(80,); + K,SO,  +24H,0

Al,(80)), + Na,S0, + 24H,0

AL(S0,), + Ag,SO, +24H,0

Iny,S0,); + (NH)),S0, + 24H,0

The most delicate reagent for the detection of sulphuric acid
and its soluble salts is a solution of barium chloride, which, even
in the most dilute solutions, throws down a white precipitate of
barium sulphate insoluble in dilute hydrochloric acid. ~ Hydro-
fluosilicic acid and selenic acid are also precipitated by barium
chloride in presence of free hydrochloric acid, but these precipi-
tates can be readily distinguished. DBarium sulphate when heated
before the blowpipe on charcoal with sodium carbonate yields
sodium sulphide, which, brought on a clean silver surface in
contact with a drop of dilute acid, produces a brown stain of
silver sulphide. Barium selenate indeed yields a similar re<
action, but if this salt be boiled with concentrated hydrochloric
acid, chlorine is evolved, and sulphurous oxide passed into the
solution yields a red precipitate of selenium. Barium silico-
fluoride is not precipitated in very dilute solutions, and does not
yield a black stain with silver when treated as above described.

Sulphites. —'The normal and acid sulphites of the alkali metals
are soluble in water. The otlier normal salts are very diffi-
cultly soluble or almost insoluble, but most of them dissolve in
a solution of sulphurous acid. Lead sulphite, PbSO,, is in-
soluble in water, but very slightly soluble in sulphurous acid.
When a sulphite is treated with sulphuric acid or hydrochloric
acid it is decomposed with formation of sulphurous acid or
sulphur dioxide, and this may be readily detected by its pungent
odour. When a sulphite is warmed with dilute hydrochloric
acid and zinc, sulphuretted hydrogen is evolved, and in this
way minute quantities of a sulphite may readily be detected.

.
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Chlorine, nitric acid, and other oxidizing agents convert the
sulphites into the corresponding sulphates.

Thiosulphates—The soluble thiosulphates may be readily
detected by the fact that the solution when acidified with
hydrochloric acid remains transparent and odourless, but sooner
or later, according to the degree of concentration, becomes milky,
owing to the deposition of sulphur, and gives off a smell of’
sulphur dioxide. If silver nitrate be added to a solution of a
thiosulphate, a white precipitate of silver thiosulphate, Ag,S,0,,
is first formed, and this dissolves again until an excess of silver
nitrate is added. After a short time, however, and especially on
warming, the solution becomes of a black colour from the forma-
tion of silver sulphide, Ag,S; thus:—

OAg

50,{ 5ag

+H,0 = A8+ 50, { Wl

29 Nitrates—The normal nitrates are all solublein water, and
are as arule crystallizable. If the solution is not too dilute it yields
on treatment with sulphuric acid and metallic copper, brown-red
vapours. The detection of nitric acid or a nitrate in still more
dilute solution is effected by the reaction with ferrous sulphate
or by that of aniline or brucine. (See par. 229, Vol. I.) The
nitrates are all decomposed on ignition, those of the alkali metals
and silver yield oxygen and a nitrite; other nitrates, such as
lead nitrate, yield a metallic oxide and nitrogen peroxide.

Nitrites—These salts may easily be distinguished from the
nitrates by the fact that on the addition of a stronger acid,
brown-red vapours are evolved, whilst their aqueous solution
gives a brown-black colouration on the addition of protosul-
phate of iron and acetic acid. (See par. 241, Vol. 1.)

Phosphates—The commonly occurring phosphates are the
salts of orthophosphoric acid. The normal orthophosphates of
the alkali metals are, with the exception of the lithium salt,
easily scluble in water; the remaining orthophosphates are in-
soluble. The constitution of the phosphates and their most
important reactions have been fully described in Vol. I. pars,
295—302.

Arsenates—These salts are isomorphous with the correspond-
ing phosphates. These two classes of salts exhibit in their
genera] character the strongest possible similarity. As a distin-
guishing test between the two series, the reaction with silver
nitrate may be mentioned. With an orthophosphate this pro-
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duces a light canary yellow precipitate, whilst the arsenate of
silver forms a brownish-red coloured precipitate. The acidified
solution of a phosphate is not altered by sulphuretted hydrogen,
whereas that of an arsenate gradually becomes of a yellow colour
from the separation of the yellow arsenic trisulphide. An
arsenate, moreover, when heated before the blowpipe on charcoal,
yields the well-known alliaceous odour of arsenic, no such smell
being observed in the case of a phosphate.

The generic properties of the arsenites, borates, silicates,
carbonates, &e., will be found in Volume I.

SULPHIDES AND SULPHO-SALTS.

3> The compounds of the metals with sulphur correspond
generally with the oxides—and they may be classed as I. Basic
Sulphides ; II. Persulphides; I11. Acid-forming sulphides. The
Dbasic sulphides of the alkali metals and some of those of the
alkaline-earth metals are soluble in water, form soluble hydro-
sulphides, possess an alkaline reaction, and combine with
acid-forming sulphides to form Sulplio-salts, some of which are
soluble and others insoluble in water, and possess an analogous
composition to the corresponding oxygen salts.
Oxygen-Salts.
Potassium carbonate, X,CO,
Sodium pyrophosphate, Na,P,0;
Potassium metarsenate, KAsO,
Potassium orthoarsenate, K;AsO,
Sulpho-Salts.
Potassium thiocarbonate, K,CS,
Sodium pyrothiophosphate, Na,P,S;
Potassinin metathioarsenate, KAsS;
Potassium orthothioarsenate, K;AsS,.

Selenium and tellurium form similar compounds. The more
important compounds of the metals with the other non-metallic
elements will be mentioned hereafter.
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Potassium. Rubidium.
Sodium. Casium.
Lithium,

31 The word alkalt was used by Geber as the name for a
soluble salt obtained by the lixiviation of the ashes of sea-plants.
We also find the same word employed to designate the car-
bonate of potash obtained by a similar treatment of the ashes
of land-plants. The difference between the alkalis, potash and
soda, was at that time not understood, and in order to dis-
tinguish them from the carbonate of ammonia, the volatile
alkali, they were both termed the fixed alkali. The distinction
between the mild and caustic alkalis had long been known,
and the mode of converting the former into the latter by boiling
their solutions with lime was a well-recognised process. In the
Historical Introduction (see Vol. I. p. 15) we have seen that
Black, in the year 1756, was the first to explain this change,
as he proved that the mild alkalis contained fixed air or carbon
dioxide. 5

The first clear distinction between the two alkalis, potash
and soda, appears to have been made by Duhamel in the year
1736, although Stahl pointed out that the alkali contained in
common salt is different from that contained in wood-ashes, and
this difference was indicated by the first being termed the
mineral, and the second the vegetable alkali. Marggraf showed
in 1759 that the salts of the two alkalis possess totally distinct
properties, and that whilst those of the common alkali tinge the
flame of a spirit-lamp violet, those containing the base of com-
mon salt impart to flame a yellow colour. It was, however, soon
afterwards pointed out by Klaproth that the vegetable alkali
potash was contained in several minerals, such as leucite, and
then the special name potask in English, potasse in French, and
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kali in German, was given to this particular alkali. Klaproth
suggested for the mineral-alkali the name natron, the English
equivalent for which is sode, and the French soude. All these
names had formerly been used indiscriminately for any alkali.

Up to the year 1807 the alkalis were eonsidered to be simple
substances. Lavoisier had indeed expressed a view that these
bodies probably contained oxygen, owing to their analogy with
other well-known metallic oxides, but Davy was the first to
isolate the metals,

POTASSIUM.
N K =3904

32 The discovery of this metal is described as follows by Davy.!
“ A small piece of pure potash which had been exposed for a-few
seconds to the atmosphere, so as to give conducting power to
the surface, was placed upon an insulated dise of platina,
connected with the negative side of the battery of the power of
250 of 6 and 4, in a state of intense activity ; and a platina wire,
communicating with the positive side, was brought in contact
with the upper surface of the alkali. The whole apparatus was
in the open atmosphere.

“ Under these circumstances a vivid action was soon observed
to take place. The potash began to fuse at both its points of
electrization. There was a violent effervescence at the upper
surface ; at the lower, or negative surface, there was no liberation
of elastic fluid, but.small globules having a high metallic lustre,
and being precisely similar in visible characters to quicksilver,
appeared, some of which burnt with explosion and bright flame,
as soon as they were formed, and others remained, and were
merely tarnished, and finally covered by a white film which
formed on their surfaces. These globules, numerous experiments
soon showed to be the substance I was in search of, and a peculiar
inflammable principle the basis of potash. I found that the
platina was in no way connected with the result, except as the
medium for exhibiting the electrical powers of decomposition,
and a substance of the same kind was produced when picces of
copper, silver, gold, plumbago, or even charcoal were employed
for completing the ecircuit.

“The phenomenon was independent of the presence of air,

1 Phil. Trans. 1808,
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I found that it took place when the alkali was in the vacuum
of an exhausted receiver.”

To this metal Davy gave the name of potassium. Soon after
Davy's discovery, Gay-Lussac and Thénard * showed that the metal
might be obtained in greater quantity by decomposing potash by
means of metalliciron at a white heat. For this purpose ivon turn-
ings or wire were heated to whiteness in a gun-barrel covered with
clay, and melted potash allowed to pass slowly over the ignited
iron. The iron took up the oxygen of the hydrate, whilst potas-
sium and hydrogen were set free. The potassinm passed over in
the state of vapour, and was condensed in a copper vessel con-
taining naphtha. A still better method is that suggested by
Curadau ;2 it consists in the decomposition of the potash by
means of charcoal at a white heat.

Davy’s discovery of the compound nature of the alkalis
attracted universal attention, and chemists throughout Europe
were occupied with a repetition of his experiments, and an
examination of the remarkable properties of the singular metals
which can thus be obtained. So singular indeed are these
properties, that many chemists denied to these substances the
name of metal, and by some they were considered to be com-
pounds of hydrogen, this view being apparently borne out by
the evolution of hydrogen when these metals are thrown into
water. A more accurate examination, however, of the pro-
perties of these substances proved them to be of a truly
‘metallic nature.

Sources of Potassium.—Potassium is found in nature, in a state
of combination, widely distributed. It occurs as a constituent
of many silicates, forming from 17 to 31 per cent. of the
granite composing the earth’s solid crust. Amongst the silicates
which contain potash as an essential constituent, may be
mentioned potash-felspar, or orthoclase, leucite, and analcime.
Pure chloride of potassium or silvine, KCI, is found in consider-
able deposits, together with carnallite, KC1 + MgCl, + 6H,0, in
the neighbourhood of Stassfurt in Germany. This same salt and
other potash compounds occur in small quantity in the water of -
the ocean, and in that of many lakes such as the Dead Sea, as
well as in mineral waters and in ordinary spring water. Chloride
of potassium is also found in cubic crystals surrounding the
fumeroles of Vesuvius. All fruitful soil contains potassinm
compounds, These are taken up by the rootlets of the plant,

1 Ann. de Chim. 1xv. 325, 2 dnn. de Clim. Ixvi. 97.
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as no vegetable growth can flourish without this substance.
It has been shown by Way, that soil possesses the power of
absorbing potash salts, whilst soda salts pass through it unab-
sorbed. The form in which the potash is contained in most
soil is that of a salt of an organic acid; this becomes converted
into carbonate by ignition. Potash is the essential alkali con-
tained in the animal body, the soda salts being rapidly eliminated
(Liebig).

The potash which sheep draw from the land is excreted in
large quantity from the skin in the sweat, termed by the French
sutnt. No less than one-third of the weight of raw merino
wool consists of this material,

33 Preparation of Metallic Potassium.—The method first pro-
posed by Curadau, and brought into a practical form by Brunner,
has been much improved by Woller, and especially by Donny
and Mareska.! This process depends upon the fact that at a
white heat carbon reduces carbonate of potassium, as follows :~—

K,CO; + 2C =K, + 3CO.

An intimate mixture of charcoal and potassium carbonate is
obtained by igniting crude tartar (acid potassium tartrate) in a
covered iron crucible; the porous mass is rapidly cooled by
dipping the crucible into cold water, and the charred mass
introduced into an iron bottle. It has been usual to place the
mixture in a wrought iron mercury-bottle, connected with a
copper receiver by a short iron tube, as shown in Fig. 2.
Recently, malleable iron tubes ccated with clay have been
preferably employed as retorts. In the preparation of the metal
potassium, according to Brunner's original method, serious explo-
sions sometimes occurred, owing to the fact that at a very high
temperature the metallic potassium unites with the carbon
monoxide generated at the same time, to form a peculiar black
compound, K C,0,, which is excessively explosive. By rapidly
cooling the vapour of the potassium as it is produced, the form-
ation of this compound may be prevented. This rapid cooling
of the vapour is effected by using the condenser, first suggested
by Mareska and Donny, shown in Fig. 3. It consists of two
pieces of cast-iron d s, which can be clamped together so as to
form a shallow box about a quarter of an inch deep, ten to twelve
inches long, and four to five inches in width. The socket at
the one end fits on to the short tube placed in the neck of the

1 Ann. Chem. Phys. [3], xxxv. 147,
b4t
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bottle, or at the closed end of the retort, whilst the open end
permits a free passage to the gases or vapours given off in the
reaction. The object of this flattened condenser is to ensure the
rapid cooling of the vavour of the metal, and thus prevent the
formation of the explosive compound with carbon monoxide.
The above-mentioned reduction only takes place at a white heat,
and hence it is necessary to prevent the oxidation of the iron of
the retort by covering it with a coating of fire-clay. As soon
as this temperature is reached the vapour of the metal begins
to appear at the open end of the tube. The receiver is then

Fic. 2.

adjusted to the end of the tube as shown in Fig. 4, and the metal
begins to condense and drops out in the liquid state into a vessel
filled with rock-oil placed beneath the receiver, which does not
require to be artificially cooled. Should any deposit or ob-
struction occur in the tube, this must at once be removed by a
red-hot rod thrust into it. Tt is found in practice that about
half the theoretical quantity of metal is obtained.

Potassium can be prepared on the small scale by the electro-
lysis of potassium cyanide. This salt is melted and then allowed
to cool, so that a solid crust is formed ; a current from three or
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four Bunsen’s elements is then allowed to pass through the
molten salt from poles made of gas carbon.!

A better method of obtaining potassium by electrolysis is that
proposed by Matthiessen.! For this purpose a mixture of potas-
sium chloride and calcium chloride in equal molecular proportions,
which melts at a much lower temperature than the potassium
chloride alone, is fused in a small porcelain crucible over a lamp,
two carbon poles connected with six to eight Bunsen’s elements
being dipped into the fused salt. The flame of the lamp is then
so adjusted that the portion of salt around the negative pole
Decomes solid, whilst around the positive pole the mixture is
liquid, thus allowing the free escape of the chlorine. After the

Fia. 8. X Fic. 4.

current has passed through for about twenty minutesin this way
the crucible is allowed to cool, and opened under rock oil, when
a considerable quantity of pure potassium is found around the
negative pole, no calcium being deposited.

34 DProperties—DPotassium is a silvery white lustrous metal
having a specific gravity of 0875 at 13° (Baumhaner)? and
it is therefore lighter than all other metals, with the single ex-
ception of lithium. It is brittle at 0° and possesses a crystalline
fracture ; at 15° it becomes soft like wax, and may be easily cut
with a knife, and the two clean surfaces of the metal may be

1 Linnemann, Jowrn. Pract. Chem. Ixxiii, 413, .
¢ Chem. Soc. Jowrn. viii. 30, 3 Ber. Deutsch, Chem. Ges, vi. 653.
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welded together like red-hot iron. It melts at 62°5 (Bunsen),
forming a liquid closely resembling mercury in its appearance.
Potassium may be easily obtained in the crystalline form. For
this purpose some of the metal is melted in a glass tube filled
with coal-gas; as soon as the mass begins to solidify the tube is
quickly turned round and the portion of metal still remaining
liquid is poured off from the crystals; these form quadratic
octahedra having a greenish-blue colour! Potassium dissolves
in liquid ammonia, yielding a deep blue solution, and if the
ammonia be allowed to evaporate, metallic potassium separates
out unchanged.?

Potassium boils at 719°—731°3 emitting a beautiful green-
coloured vapour exhibiting a characteristic channelled - space
absorption-spectrum (Roscoe and Schuster). The specific
gravity cannot be determined, as the vapour attacks glass and
porcelain, and forms an alloy with iron, silver, and platinum.*
The green colour of potassium vapour can be readily shown
by evaporating a small portion of the metal contained in
a wide glass tube three dem. in length, through which a
current of dry hydrogen gas is passed. On heating the metal -
the tube becomes filled with splendid green-coloured vapour,
condensing on the cooler parts of the tube in the form of a
bright metallic mirror. When the hydrogen, which issues from
the end of the tube, is lighted the flame is tinged with the
characteristic violet colour of potassium. Next to casium and
rubidium, potassium is the most electro-positive metal. In per-
fectly dry and pure air it does not undergo any change, but in
ordinary air the clean surface of the metal soon becomes con-
verted into caustic potash and potassium carbonate. The
oxidation of a newly-cut surface of potassium is attended in
the dark with luminosity (Baumhauer). Oxidation takes place
so quickly when the metal is exposed to the air in thin layers,
that sometimes ignition occurs, and the metal burns with its
characteristic violet flame. When heated in the air to its point
of volatilization, it at once bursts into flame.

When thrown upon water potassinm decomposes the water
with great violence, sufficient heat being generated to ignite the
hydrogen which is evolved, and which burns with the violet
potassium flame. The molten globule swims about on the sur-

1 C. E. Long, Chein, Soc. Jowrn. xiii. 122, 2 Seeley, Chem. News, xxiii. 169,

3 Carnelley and Williams.
¢ V. Meyer, Ber. Deutsch. Chent. Ges. xiii. 391.
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face of the water, becoming gradually smaller, and leaving at last
a globule of fused potash, which_ causes an explosive burst as
soon as its temperature sinks low enocugh to allow it to come
actually in contact with the water. This phenonenon may be
illustrated on a larger scale by the following experiment. A
piece of silver weighing 150 grams, and fastened to a copper
wire, is heated to bright redness in a gas flame and then quickly
dipped into a large beaker-glass full of cold water. The metal
remains quietly in the water for some seconds, and then a violent
explosion occurs, the water is thrown about in all directions, and
not unfrequently the beaker-glass is broken. The explanation
of the phenomenon is the same as of that of a drop of water float-
ing on a red-hot surface; there is no real contact between the
hot metal and the water, a film of steam existing between them.
But as soon as the temperature of the metal sinks below a
certain point the water is brought into actual contact with it,
a sudden evolution of steam takes place, and an explosion is the
result.

Potassium acts as a powerful reducing agent, and hence it has
Dbeen largely employed for the preparation of such substances as
boron and silicon from their oxides, and magnesium, aluminium,
and other metals from their chlorides. The cheaper metal,
sodium, is now, however, generally used for this purpose.
Potassium also decomposes nearly all gases which contain
oxygen, and hence it is used in some cases to ascertain the
composition of gases.

POTASSIUM AND HYDROGEN.

Potassivm HYproGeNIDE, K, H,.

35 Potassium, when heated to incipient redness in pure hydro-
gen gas, absorbs about one-fourth of the volume it would have
evolved in contact with water (Gay-Lussac and Thénard). A
grey powder, possessing no metallic lustre and not melting below
a red heat, is thus produced. This compound, in which the
hydrogen is contained in the form of hydrogenium (Vol. 1. par.
39), has been recently examined by Troost and Hautefeuille.!
They found that potassium when heated to 200° slowly absorbs

1 Ann. Chim. Phys. [5], ii. 273,
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126 volumes of hydrogen gas, whilst at 300-400° this absorption
takes place very rapidly. A lustrous brittle crystalline com-
pound is thus formed which take fire on exposure to the air.

POTASSIUM AND OXYGEN.

This metal forms two oxides :—

Potassium monoxide, K,0
Potassinm peroxide, K,0,.

36 The first is a powerfully basic oxide, whilst the second
belongs to the class of peroxides. In addition to these, a lower
oxide appears to exist. This forms the blue substance obtained
on exposing thin layers of potassium to the action of a small
quantity of air. The same blue crust is also seen when the
bright metallic mirror described on page 60 is allowed to come
in contact with the air, this in its turn slowly giving place to
a film of the white oxide as the oxidation proceeds.

Porassium Moxoxipg, K,O.

‘When potassium is heated in dry air it takes fire and burns
with formation of the two oxides. This mixture when strongly
heated evolves oxygen, leaving a vesidue of the monoxide (Davy).
The same oxide is formed when caustic potash is heated with
potassium :—

2KOH + K, = 2K,0 + H,,

Neither of these processes, however, yields a pure compound.
For this purpose potassiuin is melted, and, without further heat-
ing, the requisite volume of pure dry air is led over it. The
potassium separates out into a thin film which takes fire and
burns, forming a white fume of the monoxide

Potassium monoxide is a grey brittle mass, having a con-
choidal fracture; it is very deliquescent and caustic ; it combines
energetically with water, becoming even red-hot when moistened
with it, potassium hydroxide being formed (Berzelius).

1 Kijhnemann, Chem. Centr. 1863, 491,
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PorassiuMm HYDROXIDE, orR CAvstic Porasy, KOH.

This compound, generally known by its old name of caustic
potash, was considered to be an oxide of potassium, but Darcet,!
in the beginning of 1808, showed that ignited caustic alkali con-
tains some other ingredient in addition to oxygen and the metal.
He believed that this ingredient was in all probability water,
inasmuch as the calculated quantity of alkali contained in the
carbonate neutralises more acid than the same quantity of the
ignited caustic alkali: From this time forward caustic potash
was considered to be a compound of potassium oxide and water,
and it was not until a much later period that it was recognised
to be an kydroride, or a compound which is derived from water
by the replacement of a portion of the hydrogen by a metal.

In order to obtain caustic potash in the perfectly pure state,
the metal or the oxide is best dissolved in water. The substance
is however generally prepared by decomposing a dilute solution
of potassium carbonate with slaked lime. For this purpose, one
part by weight of potassium carbonate is dissolved in twelve
parts of water, the solution placed in an iron or silver vessel
provided with a lid, heated to the boiling point, and then milk
of lime gradually added until a portion of the filtered liquid
evolves no carbon dioxide when treated with an acid. The
solution is allowed to settle, and the clear liguid drawn off into a
well-stoppered vessel. This is then evaporated in a silver basin
until the hydroxide begins to volatilize. In order to ensure the
complete separation of the carbonic acid from the potash, not
less water than that mentioned must be used, and the water
which evaporates from time to time must be remewed, for
when only four parts of water are present to one part of
potassium carbonate no decomposition takes place. A concen-
trated solution of caustic potash is found to decompose carbonate
of calcium (Liebig). Commercial caustic potash is prepared in
this way. It is usually cast in the form of sticks; this contains
more or less water as well as all the impurities which the
carbonate of potash contained, especially alumina, potassium
chloride, potassium sulphate, and potassium silicate.

In order to purify the commercial substance it may be dis-
solved in pure alcohol, the insoluble matters allowed to deposit,
and the clear solution boiled down to dryness in a silver basin

1 Ana. Chim. 1xviii. 175,
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(Potasse & Talcool, Berthollet). By this method it may be obtained
free from sulphate and alumina, but it always contains traces of
potassium chloride, potassium carbonate, and potassium acetate,
which latter substance is formed by the action of caustic potash
on alcohol.

Pure caustic potash may also be obtained by adding powdered
sulphate of potash to a hot concentrated solution of barium
hydroxide (baryta-water) until a small quantity of sulphate of
potassium remains in excess ; this is then removed by a careful
addition of baryta-water. The clear solution poured off from
the insoluble barium sulphate is mow evaporated in a silver
basin, any baryta which remains in solution being deposited in
the form of carbonate from contact with the carbonic acid of
the air.!

Wahler’s process for obtaining pure caustic potash consists in
decomposing pure potassium nitrate by metallic coppzr at a red
heat. For this purpose one part of saltpetre and from two to three
parts of thin copper foil are arranged in alternate thin layers in
a covered copper crucible and exposed for several hours to a red
heat. On cooling, the mass is treated with water, the liquid
allowed to stand in a tall cylindrical stoppered vessel, and the
clear liquid then evaporated as before.?

Properties—Pure caustic potash is a hard white brittle
substance, often exhibiting a fibrous structure, melting below
a red-heat to a clear oily liquid, and volatilizing in the form of
white vapours when more strongly ignited. The vapour of this
substance decomposes, at a white heat, into potassium, hydrogen,
and oxygen ; this decomposition explains, according to Deville,
the formation of potassinm by Gay-Lussac's method. When
caustic potash is heated with silica or boron trioxide, potassium
silicate or potassium borate is formed with the evolution of
water.

Caustic potash rapidly absorbs carbonic acid and moisturs from
the air, and dissolves, with evolution of heat, in water. Accord-
ing to Bineau, one part of water dissolves 2:13 parts of caustic
potash. When the concentrated aqueous solution is cooled, the
hydrate KOH + 2H,O crystallizes in transparent colourless acute
rhombohedrons.

The aqueous solution of caustic potash, sometimes known as
potash lye, possess an acrid taste and a peculiar nauseous odour :

1 Schubert, Journ. Pract. Chem. xxvi. 117,
2 Ann. Chem. Pharm. 1xxxvii, 373.
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it acts as a powerful cautery, quickly destroying both animal and
vegetable substances. For this resson its solution cannot be
filtered except through glass or sand, and it is best clarified by
subsidence. The following table gives the specific gravity at 15°
of solutions of potash of varying strength calculated by Gerlach?!
form the experiments of Tunnermann and Schiff :—

Per cent. of Specific Per cent, of Specific
KOH. gravity. KOH. gravity,

Al b Y 40 . . . 1411

SER . 1041 45 . . . 1475
OSSO St 1083 50 . . ..1539
ISR Pl 5110 3 55 . . . 1604
2Oy LT 5, & o JUEDY
25 . . . 1230 66 . ... 1729
SORSNE RIS R 28R AORPF R EIE700

35 . . . 1349

The liquor potasse of the Pharmacopeeia contains abouv 5 per
cent. of the hydrate KOH, and has a specific gravity of 1:058.
Caustic potash is largely used in the form of a lye for absorbing
carbonic acid in both organic and inorganic analysis. The solid
is also largely nsed as a caustic for surgical purposes. It absorbs
moisture very rapidly from the air, and may, therefore, be
employed for drying certain gases and liquids, especially organic
substances which do not dissolve it and are not acted upon by
it. The chief use, however, of caustic potash is for the manu-
facture of soft soap. The soap-maker formerly prepared his lye
by lixiviation of wood-ashes; the solution thus obtained was
causticized by boiling with milk of lime. At the present day
the crude potashes are employed for this purpose.

Porassiom Peroxipg, K0,

37 This oxide was discovered by Gay-Lussac and Thénard, It
is best obtained by heating potassiurm in dry air or oxygen, The
metal takes fire at a temperature of from 60° to 80° and when
the surface is kept clean, burns to peroxide. In order to obtain
the oxide in the pure state, clean potassium must be moderately
heated, first in a current of dry air, and then in dry oxygen. I1f
the metal is at once exposed to oxygen, great heat is evolved and

1 Zuitsch. Anal. Chem. viii. 279,
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the glass is attacked. According to Vernon Harcourt,! it is best to
bring clean dry potassium into a flask containing dry nitrogen,
in which it is melted. The nitrogen gasis then gradually dis-
placed by air; the grey film which covers the molten metal is
seen to change to a deep blue; then a point is reached at which
the rapid absorption: of oxygen begins. Gradually, as the oxi-
dation proceeds, the metallic coating of the inner surface of the
bulb changes to a dead white; this, however. after a while
assumes a yellow colour, due to the formation of the tetroxide.

Potassium tetroxide is a dark chrome yellow-coloured powder
which fuses at a point higher than caustic potash, forming a
black liquid which, when the temperature falls, forms erystals
with shining tabular faces ; at a white heat it is decomposed into
potassium monoxide and oxygen. Thrown on to water it dis-
solves with considerable evolution of heat, forming caustic potash,
hydrogen peroxide, and free oxygen. Carbon monoxide acts
upon the peroxide at a temperature somewhat below 100° with
the formation of potassium carbonate, a volume of oxygen
equal to that of the carbon monoxide employed being liberated,
thus:—

K,0, + CO = K,CO; + O,

Phosphorus and sulphur act violently upon the peroxide with
formation of phosphate and sulphate of potash. When metals
such as potassium, arsenic, antimony, and zinc are heated with
this compound, they are oxidized with evolution of light and
heat, whilst several metals such as bismuth, lead, iron, and
silver undergo oxidation without the phenomenon of incan-
descence.

PoTASSIUM SALTS.

38 Potassium Chloride, KC), is a substance closely resembling
rock-salt. Indeed, in earlier times no distinction was drawn
between these two compounds. It occurs in sea-water as well
as in that of many mineral springs, and forms the chief portion
of the Stassfurt potash-salt. This salt exists in a bed 20 to 30
meters in thickness, lying above the deposit of rock-salt, and
consisting chiefly of carnaiiite, KC1, MgCl, + 6H,0, and kieserite,
MgS0, + 1,0, interspersed with layers or veins of tachydrite,
CaCl, 2MgCl, + 12H,0; boracite, 2Mg,B,0,, + MgCl,,;
kainite, K,S0,, MgSO,, MgCl, + 6H,0 ; and lastly sylvine, KCL

1 Quart Journ. Chem. Soc., xiv. 267,
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These two latter appear to be forined by the action of water
upon the preceding compounds. In these minerals a small
quantity of the potassinum chloride is replaced by potassium
bromide, and crystals of anhydrite, CaSO,, are found in the
kieserite beds, whilst in the lower portion of the deposit poly-
halite, 2CaS0,, MgSO,, K.,SO,, + 2H,0, occurs. * The minerals
composing this bed are all of them very deliquescent, and their
position leads to the inference that the saline deposits at
Stassfurt have been formed by the gradual evaporation of an
inland sea or salt-water lake. This is rendered more probable
by the fact that in the manufacture of sea-salt in the so-called
salterns on the Mediterranean coasts similar salts are deposited
from the mother liquors. In addition to the deposit at Stass-
furt, similar beds have been found at Kulusz, in the East
Carpathians. These potash salts do not occur in the majority
of saliferous beds, and this is probably due to the fact that the
upper saline strata have in most cases been washed away,
whereas in the Stassfurt deposit they have been protected by a
water-tight stratum of clay. The mode of manufacture of
potassium chloride from these potash salts is identical with that
proposed by Balard! and Merle? for the preparation of the
chloride from sea-water, and by Hermann?® for preparing it from
certain mineral springs. These methods depend upon the fact
that carnallite, which is more soluble in water than rock-salt or
kieserite, is only formed in solutions containing an excess of
chloride of magnesium, so that when the salt is dissolved in hot
water and the solution cools, the double salt does not separate
out, but the more soluble magnesium chloride remains in solu-
tion whilst a part of the chloride of potassium crystallizes out.
The erude salt is thrown into water into which steam is led, and
this solution cooled to 60—70° when a portion of the sodium
chloride, together with a little potassium chloride, separates out ;
the liquors which are then drawn off deposit on standing about
70 per cent. of the potassium chloride. This is treated with a
small quantity of cold water in order to wash out a considerable
quantity of the sodium chloride, and, according to the amount
of water thus employed, a residue containing 80—95 per cent.
of potassium chloride is obtained. '

A second method depends upon the fact that carnallite is
easily soluble in a hot solution of magnesium chloride, whereas

1 Jahresh. Chem. Technol, 1865, 298, 2 Bull. Soc. Ch'm. [2], x. 63.
3 Journ. Pract. Chem. 1x. 284,
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sodium chloride and magnesium sulphate are only slightly
soluble in this liquid. The liquors drawn off from the latter
salts deposit crystals of carnallite on cooling, which can be sepa-
rated from the mother liquor and then dissolved in hot water;
on cooling crystals of potassium chloride separate out, which
only need to be washed with cold water in order to bring them
up to 98—99 per cent. The different mother-liquors and wash-
waters are again worked up for the preparation of the other
salts which they contain?!

39 In the salines on the west and south coasts of France
the mother-liquors remaining after the common salt has been
deposited, having a specific gravity of 1:22, are preserved in
reservoirs during the summer, when a mixture of magnesium
sulphate and common salt (sel mizte) separates out. The mother
liquor from this is evaporated in flat pans and thus converted
into carnallite, which is worked up as described.

Potassium chloride crystallizes like sodium chloride, in cubes.
It has a cooling saline taste ; its specific gravity is 1995; it
melts when strongly heated, and readily volatilizes at a strong
red-heat ; 100 parts of water dissolve 285 parts of potassium
chloride at 0, 33-4 parts at 15° and 59 parts at 100°.

‘When potassinm chloride is melted in a current of hydrogen
gas, or when the fused salt is subjected to electrolysis, a dark
blue mass is formed which contains a sub-chloride of potas-
sium, the composition of which has not been satisfactorily
ascertained.

Potassium chloride may be used for the preparation of other
potassium salts such as the chlorate, the carbonate, and  the
chromate, and in an impure state it is employed as a fertiliser
for artificial manures.

Potassium Bromide, KBr. \’Vhen bromine is dissolved in
caustic potash a mixture of bromide and bromate of potassium
is formed. If this mixture be evaporated and gently ignited,
the bromate is decomposed, and pure potassium bromide is left.
Another method of preparing the salt is by the action of bromine
and water on iron filings. The bromide of iron thus formed is
decomposed by potassium carbonate. A third method depends
on the fact that when bromine water and amorphous phosphorus
are brought together, aqueous hydrobromic acid is produced:
this may be neutralised with milk of lime, when the insoluble
phosphate and phosphite of calcium are thrown down, whilst

1 See Ber. dber Entwickl. Chem. Industrie, i. 351,
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the soluble calcium bromide remains in solution, and this is
then precipitated by potassium carbonate,

Potassium bromide crystallizes in cubes possessing a sharp
saline taste, and is readily soluble in water. It serves as a
valuable medicine, especially in cases of nervous diseases.

40 Potassiwm Todide, KI. This salt is prepared in a similar
way to the bromide. It crystallizes like the two former salts, in
cubes. The crystals are transparent, if they are slowly deposited
from a somewhat dilute solution, whilst if they are deposited from
a hot solution they have an opaque porcelain-like appearance.
The crystals possess a sharp taste, and they are very soluble in
water. Potassium lodide melts at 639° (Carnelley), and can be
easily vaporized at a higher temperature. 100 parts of water dis-
solve at 0° 1278, and at 118°4 the Dboiling point of a saturated
solution, 2226 parts of the salt, and at intermediate temperatures
the solution increases proportionally to the increase of temperature
(Mulder). Potassium jodide is sparingly soluble in alcohol and
in proportion to the quantity of water present. The commercial
iodide of potassium generally possesses an alkaline reaction. In
order to obtain it perfectly neutral it must be dissolved in the
smallest quantity of water, neutralized with dilute sulphuric
acid, the potassium sulphate precipitated by the addition of
pure alcohol, and the solution allowed to ecrystallize (Groves).
Potassium iodide is largely used in medicine both for internal
and for external application. It is especially used in scrofulous
and syphilitic diseases.

Potassium  T'ri-iodide, KI,.  This compound is formed by
saturating a concentrated solution of potassinm iodide with
iodine. A brown liquid having a wmetallic lustre is obtained,
and this on evaporation over sulphuric acid yields needle-shaped
almost black crystals which possess a metallic lustre. They are
very deliquescent, melt at 45° and are decomposed at 100° into
iodine and potassium iodide (Johnson).!

DPotassium Fluoride, KF. This is formed when aqueous hydro-
fluoric acid is mneutralized in a platinum vessel with caustic
potash or potassium carbonate, and the solution evaporated
down. This salt erystallizes in cubes. It is very deliquescent
and has a sharp saline taste. When it is dissolved in aqueous
hydrofluoric acid it forms an acid fluoride, KFHF, crystallizing
in quadratic tables. These melt when heated, and at a dark red
heat decompose into potassium fluoride and hydrofluoric acid.

1 Journ. Chem. Soc., 1877, i, 249,
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41 Potassium Hypochlorite, KOCL. When chlorine is passed
into a dilute cold solution of caustic potash or potassium car-
bonate a mixture of potassium chloride and potassium hypochlo-
rite is obtained. This substance was first prepared by Berthollet,
and the solution, known by the name “Eau de Javelle,” was
formerly largely used for bleaching purposes (see Vol. I par.
139). Pure potassium hypochlorite has not yet been prepared.

Potassium Chlorate, KC10, It appears likely that this salt
was known to Glauber. In one of his works he mentions that he
is acquainted with a means of converting muriatic acid into nitric
acid, and in his “ Continuatio Miraculi Mundi” he mentions a
peculiar kind of saltpetre which he had prepared by means of
common salt. This was probably chlorate of potash. In like
manner Winterl, in 1789, believed that he had converted muriatic
acid into nitric acid by strongly heating muriate of lime (caleium
chloride) in a retort with black oxide of manganese and leading
the product into a receiver containing a small quantity of caustie
potash. Higgins also stated in 1786 that by the action of de-
phlogisticated muriatic acid (chlorine) on the alkalis, a peculiar
kind of saltpetre is formed.

About the same time Berthollet was employed in his classical
investigation of the action of uxidized muriatic acid (chlorine)
on the alkalis, and in 1786 he discovered chlorate of potash,
which he, according to the prevailing views, termed hyper-
oxy-muriate of potash. He obtained it by the action of chlorine
upon caustic potash, and he observed at the same time that a
large quantity of muriate of potash (potassium chloride) was
formed ; thus:—

6KOH + 3Cl, = KCIO;+ 5KCI + 3H,0.

Potassium chlorate was in fact formerly produced on the large
scale by this reaction by passing chlorine into a concentrated
solution of caustic potash or potassium carbonate. The crystals
of potassium chlorate, being only slightly soluble in water,
separate out when the solution is cooled, whilst potassium
chloride remains in solution. In this reaction only one-sixth of
the potash is obtained in the form of chlorate, the rest being
transformed into the much less valuable chloride. Hence many
improvements in this process have been made. Graham pro-
posed to saturate a mixture of equal molecules of potassinm
carbonate and dry hydrate of lime with chlorine gas! whilst
1 Ann. Chem. Pharm. xli. 308.
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Liebig? proposed to saturate with chlorine a mixture of potas-
sium chloride and quick lime, in the proportion of one molecule
of the former to three molecules of the latter. These are mixed
together with water to form a thin paste. Another process is to
evaporate an aqueous solution of 10 parts of bleaching powder
to dryness, to dissolve the residue in water, and then to allow
the solution, after addition of potassium chloride, to crystallize.
From time to time all these methods have been employed
in the manufacture of chlorate of potash. This is now carried
on on. a large scale, generally as follows:—chlorine is passed into
a solution of milk of lime having a specific gravity of 1-04 until
the liquid is nearly saturated. The clear solution is evapo-
rated until it has a specific gravity of 1'18 and then potassium
chloride added, and the mixture boiled down until a specific
gravity of 1:28 is attained. On cooling, erystals of potassium
chlorate separate out.> A still simpler plan is to evaporate a
solution of bleaching powder with one of potdssium chloride.
42 All these methods of preparation depend on the fact that
when a solution of chloride of lime is evaporated or boiled
down, the calcium hypochlorite contained in the solution is
decomposed, calcium chloride and calcium chlorate being .
formed :—

3Ca(0C), = Ca(0,C1),+2CaCl,

When chloride of potassiumn is present, a double decomposi-
tion takes place, the soluble calcium chloride and difficultly
soluble potassium chlorate being formed :—

Ca(0,C1),+ 2KC1 = CaCl, + 2KO,CL

This reaction is not brought about by any greater affinity of
potassinm to chloric acid than to chlovine, but depends solely
upon the fact that potassium chlorate is more sparingly soluble
than the other salts contained in solution. In his celebrated
Travté de Statique Chimique, Berthollet put forward the view
that when solutions of two salts containing different acids and
bases are mixed, a double decomposition always takes place, and
in such a way that the solution, after mixing, contains four salts.
Subsequent observations have shown that decompositions of this
kind do, in fact, frequently take place. In certain cases this may
readily be exhibited. Thus for instance, if a blue solution of

1 dnn. Chem. Pharm. xH. 307.
2 Lunge, Dingler. Polyt. Journ. clxxxix. 488,
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sulphate of copper be mixed with a solution of sodium chloride,
a greenish-coloured liquid is produced due to the formation of
cupric chloride. This solution contains four salts, cupric sul-
phate, cupric chloride, sodium sulphate, and sodium chloride.
If in such a case one of the newly formed salts is more diffi-
cultly soluble than the salts originally mixed, this separates out
partially when the solution becomes sufficiently concentrated.
If, on the other hand, the salt thus produced is absolutely
insoluble in water, a complete double decomposition takes place
when the solutions are mixed, as is the case, for instance, when
a soluble barium salt is added to a soluble sulphate.

43 Potassium chlorate erystallizes in large transparent mono-
clinic tables (Fig. 5) which have a glassy lustre and which when
they are of certain dimensions ex-
hibit magnificent iridescent colours
and emit light when rubbed in the
dark. The crystals of potassinm
chlorate have a feebly acid and cool-
ing taste similar to that of nitre.
They melt without decomposition at
334°, and at 352° they begin to de-
compose with evolution of oxygen.!

Fie. 5. 100 parts of water dissolve at 0°

33 parts, and at 104°'8, the boiling

point of the saturated solution, 602 parts of the salt (Gay-
Lussac).

Potassium chlorate is used largely for the preparation of
oxygen gas. It also acts as a powerful oxidizing agent and is
used in the manufacture of lucifer matches and for pyrotechnic
purposes. It is largely employed in calico-printing and in the
chemical laboratory. In addition, it is a valuable salt for medi-
cinal purposes; in large doses it acts as an irritant poison like
nitre and other soluble potassium salts. It used to be given in
small doses in cases of scarlet fever, scurvy, and other diseases,
as it was believed to act as an oxidizing agent on the blood. It
has, however, lately been shown that the whole of the salt
passes out undecomposed in the urine. It is still employed for
the purpose of allaying inflammation of the throat.

The powerful oxidizing properties of potassium chlorate can
be readily exhibited. If a small quantity of the powdered salt be
thrown on to glowing charcoal a rapid combustion takes place.

1 Pohl, Ber. Wien. dkad. vi. 587.
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If a few grains of this salt together with a few grains of
flowers of sulphur are rubbed together in a mortar, loud explo-
sions occur, and if a grain of this mixture be struck with a
hammer a loud detonation takes place. If a small quantity of
powdered chlorate of potash be carefully mixed by means of a
feather with the same quantity of powdered amorphous phos-
phorus this mixture will take fire when struck even with a
slight blow of a glass rod. s
Potassium Perchlorate, KC10,,—This salt is best obtained by
heating pure potassium chlorate in a porcelain basin until the
liquid mass begins tosolidify. As soon as a sample of the mate-
rial becomes only coloured of a light yellow when treated with
hydrochloric acid the reaction is complete. The decomposition
which takes place is represented by the following equation :—

2KC10, = KC10, + KCl + 0,

The powdered product is next washed with a small quantity of
cold water in order to remove the larger quantity of potassium
chloride, and then warmed with hydrochloric acid. This decom-
poses any chlorate which may have remained. It is then allowed
to cool again, washed with a small quantity of cold water,
and the residue crystallized from its solution in boiling water.
Potassiumn perchlorate forms small rhombic ecrystals which
possess a slightly saline taste. One part of the salt dissolves
at 0°in 1429, at 50° in 155, and at 100° in 5'04 parts of water
(Muir). It is almost insoluble in strong alcohol and may there-
fore be used as a means of determining potassium quantitatively.

44 Potassium Bromate, KBrO,, is obtained, according to Stas,
by passing chlorine into a warm solution of potassium bromide
and caustic potash—

KBr + 6KOH + 3C1, = KBrO, + 6KCI + 3H,0.

A portion of the salt crystallizes out on cooling. Aleohol is
then added to the solution, when the rest of the salt is precipi-
tated together with a small quautity of potassium cliloride, and
it may be easily purified by recrystallization from hot water,
as it is very insoluble in the cold. According to Marignac,
it formns hexagonal erystals and separates out in six-sided tables
or prisms which have the appearance of cubes.

Potassium lodate, K10,  This salt can be prepared in a
variety of ways. It may readily be obtained by passing chlo-
rinc into cold water containing iodine in suspension until the

55
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whole of the substance is dissolved, then adding the caleulated
quantity of potassium chlorate and warming, when a rapid evo-
lution of chlorine takes place, and on cooling pure potassium
iodate crystallizes out (Henry) :—

IC1 + KCIO, = Cl, + K10,

Potassium iodate crystallizes in small cubical crystals, and
begins to decompose at a much higher temperature than does the
chlorate. It combines with icdic acid to form the compounds
KIO, + HIO, and K10, + 2HIO,.

Potassium DPeriodate, K10, is formed when chlorine is passed
through a mixture of caustic potash and potassium iodate. It
separates out as shining erystals which are isomorphous with
those of potassium perchlorate. When a hot concentrated
solution of the salt is mixed with alcoholic potash, rhombohe-
drons of potassium meso-periodate, K,10; + 4H,0, are deposited.
These have an alkaline reaction and absorb carbonic acid
from the air. When the normal salt is evaporated together
with caustic potash, triclinic prisms of potassium di-periodate,
K, L0, + 9H,0, are deposited ; these have an alkaline reaction.

Normal Potassium Sulphite, X,SO, + 2H,0, is obtained in
the form of oblique rhombic octahedrons by passing a current of
sulphur dioxide into a solution of potassium earbonate until all
the carbon dioxide has been expelled. The solution is then
allowed to evaporate over sulphuric acid. It is more soluble
in cold than it is in hot water (Rammelsberg). The crystals
thus obtained possess a bitter alkaline taste.

Acid Potassium Sulphite, KHSO;, is produced when a solution
of the former salt is saturated with sulphur dioxide. On the
addition of alcohol it separates out in needle-shaped ecrystals
which taste of sulphurous aciC and possess a neutral reaction.

Dotassium  Desulphite, X ,8,0, This salt is formed when
sulphur "dioxide is passed into a hot saturated solution of
potassium carbonate (Muspratt). It forms monoclinic crystals
which are difficultly soluble in water and have an acid un-
pleasant taste.

45 Normal Potassium Sulphate, K,SO,. The mode of preparing
this salt was understood as early as the fourteenth century. It
was first obtained from the residues of the manufacture of aqua
Jortis, and afterwards by the action of sulphuric acid upon crude
potashes. Potassium sulphate is probably one of the salts whose
constituents were first determined by analysis. Glauber, Boyle,
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and Tachenius were acquainted with its composition, and in the
seventeenth century it was termed arcanum, or Sal duplicatum,
because, according to the then prevalent ideas, it was made up
of an acid and an alkaline salt. The decomposition of this salt
into its constituent parts was at that time supposed to be a most
difficult matter. Indeed, Stahl proposed the following question
to the French Academy: How it is possible to decompose this
salt instantly when held in the hand ? Although none of the
Academicians were able to answer this question, Stahl accom-
plished his purpose by adding nitrate of silver, which at once
separated vitriolic acid from the alkali.

Potassium sulphate is found native in the lavas of Vesuvius,
and as kainite, K,S0,MgSO,MgCl,+ 5H,0, in the Stassfurt
beds and in those -of Kalusz. It is also obtained as a by-
product in several chemical manufactures, as in that of bichro-

Fic. 6.

mate of potash, and in the preparation of pure potash and
the purification of crude potashes as well as in the lixiviation
of kelp. In order to obtain this salt from kainite, the mineral
is allowed to remain for some time exposed to the.air; it
deliquesces, and as soon as the soluble magnesium chloride
has run off the remaining salt is partially decomposed by
boiling water, so that on cooling the difficultly soluble sulphate
separates out.

Potassium sulphate crystallizes in small hard rhombic pyra-
mids, Figs. 6 and 7, possessing an hexagonal or prismatic habit
and having a specific gravity of 2:648. One hundred parts of
water at the ordinary atmospheric temperature dissolve ten parts
of this salt, whilst 26-7 parts dissolve in the same quantity
of boiling solution at 102°. Aqueous alcohol dissolves it in
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quantities proportional to the amount of water which the
alcohol contains. The salt is quite insoluble in a solution of
caustic potash of specific gravity 135 (Liebig), and in absolute
alcohol. It has a Ditter saline taste and can be volatilized only
at a very high temperature.

The volatility of this and other salts has been determined
by Bunsen, as follows:—A small bead of each salt weighing
one centigram and carried on the end of a very fine platinum
wire is placed in the zone of fusion of a Bunsen’s flame, having
a temperature of 2300°, and the time ascertained which the
bead takes to volatilize. The following are the comparative
results obtained for certain potassium salts, sodium chloride
being taken as the standard of volatility :—

aCl  KCl KBr KI' K,80, K,00,
Seconds 842 654 410 208 6652 2720
Volatility 1000 1288 2035 2828 0127 0319,

Potassium sulphate is used as a purgative and employed in
large quantities for the manufacture of potash-alam and potas-
sium carbonates.

Acid Potassium Sulphate, % } S0, In 1754, Rouelle proved

that in addition to the arcanum duplicatum, other salts exist
containing an excess of acid chemically combined. Amongst
these he mentions acid potassium sulphate, which he obtained
in the crystalline state. The same salt is found nafive in the
Grotto del Sofo, near Naples, in the form of long silky needles.
It is frequently prepared in the laboratory as a by-product in
the manufacture of nitric acid from saltpetre and sulphuric
acid. It crystallizes in rhombic pyramids, readily dissolves in
water, and possesses an acid saline taste, and when brought into
contact with alcohol it is decomposed into sulphuric acid and
the normal salt which is insoluble in this liquid. When the
acid sulphate is reerystallized from aqueous solution the normal
salt is found first to separate out, then ecrystals of a salt having
the composition K,SO,+ KHSO, are deposited, and at last the
acid sulphate erystallizes out.

Potassium Disulphate, K,8,0,. This salt is obtained by heat-
ing the normal salt with sulphuric acid until the nass fuses
quietly when gently ignited. It is also formed when the acid
salt is heated with potassium chlorsulphonate, a compound

1 Phil. Mag. [4), xxxii. 85.
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obtained by the action of sulphur trioxide on potassium
chloride:

ox  SO—OK

/C ORT A

0L S + 80 o5t = g /% i + HCL
=2

The salt crystallizes in long needles which decompose when
brought into contact with water, evolving much heat and yield-
ing the acid sulphate. When dissolved in fuming sulphuric acid
this salt deposits transparent prismatic crystals of acid potas-
sium disulphate, KHS,0,.!

46 DPotassium Nitrate, KNO, (Saltpetre or Nitre). This re-
markable salt was known to the ancients, being termed Sal
petre by Geber. It was frequently called Sal nitri by the
later alchemists, to distinguish it from nitrum, by which name
the ancients signified the native carbonate of soda, a salt which
was not unfrequently mistaken for nitre. When trade between
the East and the West increased, the mineral alkali was imported
under the special name of natron, and then the word nitrum
was specially reserved to designate saltpetre.

Saltpetre occurs, together wlth other nitrates, as an efflores-
cence on the soil in various hot countries, espemal]y in Bengal,
but likewise in Egypt, Syria, Persia, and Hungary, as well as in
America. In Ceylon? and other parts of India, nitre is obtained
by the lixiviation of certain porous rocks, whence the origin of
the word sal-petrae. These yield from 2:5 to 8 per cent. of their
weight of nitre. The formation of the nitre, whether found in
the soil or in porous felspathic rocks, is due to the gradual
oxidation by the air of nitrogenous organic matter in contact
with an alkali. In the decay and putrefaction of such bodies
ammonia is first formed and nitric acid subsequently produced.
Nitre is also found in the juices of certain plants. This fact
was first pointed out by L. Lemery in 1717. Certain species of
amaranthus, especially A. atropurpurcus, contain no less than
227 of nitre in the dry plant (Boutin).

In India, a caste of men termed Sorawallahs? from sora, nitre,
make it the business of their lives to collect the raw material,
and to manufacture and sell the salt, which is employed locally
for producing frigorific mixtures and is also largely exported.

1 Schultz Sellack, Ber. Deutsch. Chem. Ges. iv. 110,
2 John Davy, Quart Journ. Science, 1818, v. 283.
3 Palmer, Journ. Chem. Soc. xxi. 318,
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«The Sorawallah goes about the village, examining the small
surface drains which issue from holes in the mud-wall, usually
found around native dwellings and their cow-houses ; when he
detects a faint white veil-like patch of crystalline formation, on
or near the dark-coloured borders .of these little drains, he
knows that a considerable quantity of nitre exists, on or near
the surface of all the surrounding earth; he accordingly pro-
ceeds to scrape off a very thin layer of the surface soil, which
he carries away to his place of manufacture, as soon as his
morning’s collections are finished. On arriving there, the im-
pregnated earth so collected is thrown into an earthen vessel
containing either water or water which has been puured off
from previous supplies of similarly impregnated earth. When
the water so used is pretty well saturated, it is poured into
shallow pans of unglazed earthenware, in which it is then
exposed to the combined influence of hot winds and the solar
rays; these cause rapid evaporation, and the formation of
crystals of nitrate of potash, which after one or two more
crystallizations are ready for sale. The mother-liquor, on being
further evaporated, yields a ‘proportion of common salt, varying
from one to seven or nine per cent. The Sorawallah makes
fresh collections from precisely the same spots of ground from
week to week, year to year, and from generation to generation
after the manner of the eastern world ; the production of nitre
is constant so long as the place continues to be inhabited ; it
even continues to appear in large, though gradually decreasing
quantities, for years after the village may have been deserted.
The intervals at which fresh collections may be made from the
same spot vary in different localities and in different seasons of
the year, from one to seven, ten, or more days.”

This production of nitre is doubtless preceded by the forma-
tion of mitrate of calcium, and this, by double decomposition
with potassium carbonate, yields nitre and calcium carbonate.

Indian saltpetre was introduced into Europe by the Italians, -

and first employed for medicinal and chemical purposes.

47 When the demand for gunpowder became great, nitre
began to be manufactured in Europe. Agricola, in his celebrated
treatise De Re Metallica, describes the process of refining salt-
petre as follows :—* Saltpetre is obtained from a dry somewhat
fatty earth, which is boiled with quick-lime and wood-ashes.
The mass is then lixiviated and the solution evaporated.”* This

1 Berzelius, Tradté, iii. 119.
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process is employed to the present day, and during the blockade
of the French ports, the artificial production of nitre was
largely carried on in that country. In Sweden every landed
proprietor is obliged to furnish the state with a certain quantity
of nitre, and in Switzerland and other inland countries the
manufacture of nitre is regularly carried on. For this purpose
nitrogenous organic matter of animal or vegetable origin, after
having been allowed to putrefy by exposure to air in a dark
place, is mixed with substances such as lime, mortar, or wood-
ashes, containing the carbonates of potash, magnesia, or lime.
The mixture is then heaped together in ridges (saltpetre walls)
or in low heaps (saltpetre mounds). These heaps are then
moistened from time to time by the drainage of dung-heaps,
or by urine, and exposed to the air. After standing for from two
to three years the outer surface or saltpetre earth is removed
and exhausted with water. This yields the crude saltpetre-ley
which contains the nitrates of calcium and magnesium together
with the chlorides of potassium and sodium. On boiling this
liquor with potashes the calcium and magnesium salts are de-
composed, and the clear solution is then crystallized. Raw nitre
is thus obtained, and this by repeated solution and crystallization
is converted into purified nitre. The same process of purifica-
tion is adopted in the case of the Indian saltpetre. Even when
thus recrystallized the nitre is far from being chemically pure.
In order still further to purify it, the salt is dissolved in boiling
water, aud the solution constantly agitated when cooling. The
salt then separates out in small crystals termed saltpetre-flour,
which inclose much less of the mother-liquor, and therefore
much less impurity than the large crystals. This finely-divided
salt may be still further purified by washing it with a saturated
solution of pure nitre which dissolves out any foreign salts
which may still be present, thus rendering the saltpetre free
from chlorides and fit to be employed in gunpowder-making.
Since the discovery of large quantities of potassium chloride
at Stassfurt, this salt has been largely used for the artificial
manufacture of saltpetre. This manufacture depends upon the
fact that under certain conditions of temperature and pressure,
solutions of Chili saltpetre (sodium nitrate), NaNO,, and of
potassium chloride undergo, when mixed, a double decomposition,
chloride of sodium being deposited and potassium nitrate re-
maining in solution. For this purpose equal molecular quan-
tities of the two salts are dissolved in water until the specific
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gravity of the liquor reaches 1'5. Chloride of sodium is
deposited and the clear solution on cooling and on agitation
deposits the saltpetre in the form of flour.

Saltpetre occurs in commerce in the form of small well-
formed crystals, as well as in the form of flour. These are much
purer than the larger crystals, which are often hollow and contain
chloride of potassium and other impurities.

48 Potassium nitrate is dimorphous.! It usually crystallizes
in rhombic prisms (Figs. 8, 9, 10), which not unfrequently
closely resemble regular six-sided prisms. If, however, a few
drops of a solution of nitre be allowed slowly to evaporate,
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rhombohedral crystals are deposited, isomorphous with those of
sodium nitrate.

Saltpetre has a specific gravity of 21; it melts at 339°
(Person), 352° (Carnelley), and possesses a bitter eooling saline
taste. It dissolves in water with absorption of much heat.
This property of nitre was first pointed out by the Spanish
physician Blasius Villafranca, in his tract published in 1550,
entitled “Methodus refrigerandi ex vocato Sale-nitro vinum
aquamqne ac potus quodvis aliud genus.” According to Riidorff,
16 parts of nitre when dissolved in 100 parts of water at 13°2
lower the temperature to + 3°. )

The following table gives the solubility of saltpetre:—

One hundred parts by weight of water dissolve at—

0225551075 205 0% 724307 S5 FA02 28503
133 211 312 445 64 86 parts of nitre.,
GORIRTON 4807 A 50> ILO0%
111 139 172 206 247 parts of nitre.
1 Miller, Phil. Mag. [3] xvii. 38.

I——
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whilst at 114°, the boiling point of the saturated solution 3274,
parts of the salt are dissolved.

Saltpetre is used in the laboratory, in medicine, for the
salting or pickling of meat, to which it imparts a red colour,
for pyrotechnic purposes, but chiefly in the manufacture of
gunpowder.

Nitre used as an Explosive—The Chinese are said to have been
acquainted with the mode of manufacturing gunpowder from early
times, although employing it rather for making fireworks than for
warlike purposes. Whether the knowledge of this manufacture
was brought into Europe from the East Ly the Saracens, or
whether it resulted from an improvement in the preparation of
Greek fire, is doubtful. In a Latin work by Marcus Graccus,
probably written in the eighth century, mention is made of the
use of saltpetre, as sal petrosum, as a constituent of gunpowder.
None of the Arabian alchemists appear to have been aware of
the property of saltpetre to deflagrate when mixed with a
combustible body, and not until the thirteenth century do we
find this clearly pointed out by Roger Bacon as follows:—!
« Talis natura est (sal nitrum), quod si immediate ignitos car-
bones tangat, statim aceensum impetu evolat.”

This fact is strikingly shown when a mixture of twenty parts
of nitre and three parts of charcoal is thrown into a red-hot
crucible ; vivid incandescence aud a violent combustion being
noticed : —

4KNO, + 5C = 2K,C0, + 3CO, + 2N,

An intimate mixture of fifteen parts of saltpetre and five
parts of sulphur also burns very brilliantly :—

9KNO, + 28 =K,S0, + SO, + N,

Detonating Powder, first described by Glauber, consists of a
mixture of three parts of saltpetre, two parts of dry carbonate
of potash, and one part of sulphur. When this mixture is heated
in an iron spoon it first fuses and then explodes violently. The
reaction which here occurs shows that the sulphur forms potas-
stum sulphide, which at the high temperature of the combustion
is oxidized by the nitre, free nitrogen being evolved.

Powder of Fusion, or Baumé’s Quick Flur, also mentioned
by Glauber, contains one part of nitre, one part of sulphur,

1 Breve breviarum de Dono Dei,
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and one of sawdust. This if set on fire burns with so much
heat that a small silver coin exposed to it is melted in a
moment,

49 Gunpowder.—TFire-arms appear to have been used in
Florence in 1325, but field-pieces were first employed by the
English at the battle of Crécy in 1346.

Gunpowder consists of a mixture, in somewhat varying pro-
portions, of charcoal, sulphur, and nitre. Its explosive power
depends on the rapid combustion of the charcoal and sulphur
at the expense of the oxygen of the nitre, and the sudden
liberation of a large volume of gas, which occupies several
hundred times the bulk of the solid powder. lence gunpowder
can burn in a closed space or under water, as it contains the
oxygen needed for the combustion in itself. 1t is a singular
fact that it has been found in practice that the description of
gunpowder which acts best is that which contains nearly two
molecules of nitre to one atom of snlphur and three of carbon.
Ience it was formerly believed that the decomposition which
takes place when powder is fired is a very simple one, repre-
sented by the following equation :—

2KNO, + 8 + 3C = K,$ + N, + 3C0,

If this equation represents the decomposition which actually
occurs, it follows that the most effective powder must be
composed of :—

Niitre, 1180 17 o e E0)
Carbon iz S8 TEEENTE] 135
Sulphury, NS EEEETTT 8

100-0.

The compositions of the gunpowders employed by different
nations approach closely to these theoretical numbers ; but in
no case, as will hereafter be seen, are these numbers exactly
‘adhered to. Indeed the fact that the charcoal employed in
the manufacture of gunpowder does not consist of pure carbon,
but contains considerable quantities of hydrogen and oxygen, is
sufficient to show that the above simple reaction cannot represent
the real decomposition which occurs when powder is fired. In
addition to this, however, Gay-Lussac and Chevreul proved long
ago that, in addition to nitrogen and carbon dioxide, carbon
monoxide is evolved in the firing of gunpowder, whilst the

T TR—



GUNPOWDER. 83

residue does not merely consist of potassium sulphide, but con-
tains the carbonate, sulphate, and other salts.

We owe the first complete experimental investigation con-
cerning the nature of the decompositions which occur when
powder is fired to Bunsen and Schischkoff.! They proved that
a very large number of salts, such as sulphate, thio-sulphate,
sulphide, and carbonate of potassium, are contained in the
smoke and solid residue remaining after the powder has been
fired; whilst many other gases, especially carbon monoxide,
hydrogen and sulphuretted hydrogen, besides carbon dioxide
and nitrogen, are formed. In these experiments the powder was
fired into a vacuum, and consequently some conditions as regards
temperature and pressure which are met with in the practical
use of gunpowder were not maintained. Linck repeated
these experiments with a different kind of powder, and Karolyi
analysed the products obtained by exploding small charges in
shells inclosed in a vacuous space.

The results of these experiments are seen in the following
Tables :—

1. CoMPOSITION OF THE POWDER.

g c‘;ﬁ:;ﬂﬁ:&i‘ Linck, Karolyi,
Sporting War Small-arm | Ordnance
powder. powder. powder. | powder.
4 1. 2. 3. 4.
Nitre . .| 7899 7466 7715 | 7378
Sulphur . 984 12+49 863 | 12:80°
(Carbon . . 769 12:31 1178 | 1088
) Hydrogen . 0-41 042 038
Charcoal O))(’ e 307 0-54 J’ 179 1-82
Y8
{Ash . . .| — | 028 | 031

‘10000 110000 | 10005 | 9997

1 Phil, Mag. [4], xv. 489
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2. Gasrous Propucts oF COMBUSTION BY VOLUME.

‘ 1. 2. 3. 4.
Nitrogen . . ( 4112 3468 3533 | 3758
Carbon dioxide . .| 5267 5214 48:90° | 4274
Carbon monoxide I 3-88 433 518 | 1019
Hydrogen . . 121 163 6-90 593
Sulphuletted hydrocen 0-60 718 067 0-86
Oxygen 052 004 — —
Marsh gas . — — 302 270
' 10000 | 10000 | 10000 |100-00
3. ToraL Propucts oF CoMBUSTION BY WEIGHT.
1. 2. 3 4.
Sulphate of potassium .| 4227 2901 36:17 | 3695
Carbonate 5 12:64 1543 2078 | 1940
Hyposulphite ,, 327 963 17t 2:85
Sulphide - 213 375 — 011
Sulphocyanate ,, 030 1-16 — —
Nitrate ) 372 1-20 = —
Charcoal : 073 184 2:60 257
Sulphur 0-14 0-31 116 469
Sesquicarbonate of am” [\ . 05 y y
B § 2:86 2:05 266, 2:68
Nitrogen . 3 . 998 955 10-06 977
Carbon dioxide . 2012 2247 2i705e| VS S
Carbon monoxide 0-94 118 1-47 2:64
Hydrogen . . 0-02 0-03 014 011
Sulphuretted hydron'en 0-18 2:38 023 027
Oxygen 014 001 — o2
Marsh gas. — - 0-49 0-40
Loss . 0-56 — 068 0-17
10000 | 100-00 | 100:00 |100-00
Quantity of gas (in
cubic  centimeters) }193‘10 21835 | 22659 120091

per gram of powder
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50 More recently Abel and Noble! have published the results
of a very complete investigation on the products of combustion of
powder fired under conditions similar to those which exist when
it is fired in guns. The gunpowder operated upon included five
kinds, viz. pebble powder, rifle large-grain (cannon powder), fine-
grain powder, and rifle fine-grain powder, all English military
powders, together with one spherical pellet powder of Spanish
manufacture The following table gives the complete analyses
of the different powders employed —

Rifle large-
Pebble powder. | grain (cannon Rifle Fine-grain, Spanish
Wealtham powder). fine-grain. Waltham spherical
Abbey. i?antlmm Waltham Abbey. peblle-powder.
bbey. Abbey.
Saltpetre . l. 7467 7495 7504 7355 75-30
Potassium sul : 3 . < .
e t oo 015 014 038 027
Potassium chlo- N
ride g = ) - - A0z
Sulphur 10°07 10-27 993 10-02 12-42
'—g' Carbon 1212 10-86 10°67 11-36 865
S ) Hydrogen | 0°42 0°42 052 0-49 0-38
E {Oxygeu 1-45 14+22 199 1352 266 1409 257 1459 1-68 11°34
T LAsh 023 025 024 017 0-63
Water 095 11 0°80 148 065

The quantities of gunpowder exploded in the several opera-
tions varied from 100 to 750 grams. The apparatus in which
the charges were exploded consisted of a mild steel vessel of
great strength, carefully tempered in oil. The charge to be
exploded was placed in the chamber of this steel vessel, and the
main orifice of the vessel was closed by a screw plug, called the
firing-plug, which fitted into its place with great accuracy. In
this firing-plug itself was a conical hole, also stopped by a plug,
and through this passed two insulated platinum wires, by mcans
of which the charge could be fired by electricity, Two other
apertures were made in the chamber; one of these communicated
with the arrangement for allowing the gases to escape; the other
contained an apparatus for determining the tension of the gases
at the moment of explosion. The pressures actually observed
varied from one to 36 tons on the square inch, the whole of the
gaseous products remaining pent-up in the cylinder under this

1 Phil. Trans. 1874. Part 11, 49,
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enormous pressure. The results of this investigation may be
shortly stated as follows :—

(1). The composition of the gas furnished by the explosion of
all the English powders is remarkably uniform, but under high
pressures the carbon dioxide increases and the carbon monoxide
decreases.

(2). The composition of the solid products exhibits a much
greater variation.

(3). The decomposition which an average gunpowder under-
goes when fired in a closed space cannot be represented by even
a comparatively complicated chemical equation.

(4). The volume of the permanent gases measured at 0° and
760 mm. furnished by the combustion of one gram of powder in a
closed vessel is ahout 280 cbe., and is therefore about 280 times
the volume of the powder.

(5). When 1 gram of powder is burnt the solid products of
combustion amount to 0 57 gram, and the permanently gaseous
products 0'43 gram.

(6). The tension of the products of combustion when the
powder entirely fills the space in which it is fired is about 6,400
atmospheres, or 42 tons per square inch.

(7). The heat developed by the burning of 1 gram of powder
is about 705 thermal units.

(8). The temperature of explosion is about 2,200° C.

The following Tables give the analytical results obtained, in-
cluding the percentage composition of the products of com-
bustion of three of the powders :—

I (Pebble); II. R. L. G. (Rifle Large Grain); I11I. F. Q. (Fine
- Graan), each under two different pressures.

Pebble. R. L. G. F. G.
13 1L IiL.

A Y |y o S A
sion in tons per 14 | 125 16 | 356 SH T2
square inch .
Percentage weight

Pressure of explo-}

of solid pro- | 5612 | 5517 | 5722 | 57114 || 5817 | 5809

Shile e s SR t
Percentage weight |

gf gaseous pro-} 4388 | 44:83 | 4278 | 4286 | 4183 ; 4192

ucts .




COMPOSITION OF GASEOUS PRODUCTS.

Potassium carbonate
sulphate.
hyposulphite .
monosulphide .
sulphocyanate .
nitrate
oxide .

Ammonium ses- )

quicarbonate . §

Sulphur

Carbon .

|

Percentage Volumes of

Carbon dioxide .
Carbon monoxide
Nitrogen . . :
Sulpburetted hy-
drogen . }
Marsh gas
Hydrogen .
Oxygen

5550
1502
2073
741
0:09
048
016
061
trace

4666
1476
3275

313

270

5615
11-93
6:12
1912
023
020

0:08

617

trace

49-82
13:36
32:19
1-96
058
208

52:56
2047
2037

402
| trace
056
006
125
071

898
3560
4:06
0-29
2:07

| —

| 4899 |

Percentage Weights of Solid Products of Combustion.

Gaseous Products.

6571 || 5939
852 | 2422
839 | 530
723 | 512
036 | 002
019 ‘ 008
018 | 015
992 | 572
—_ trace
5179 || 4741
832 | 1235
3464 | 3235
261 | 376
041 | —
204 | 413
018

4303
21-00
32:07
023
019
298
0-03
0-47
trace

5302
791
3420
203
050
213
015

CoMPOSITION BY WEIGHT (IN GRAMS) OF THE PRODUCTS OF EXPLOSION
OF A GRAM OF POWDER AS FURNISIIED BY THE ABOVE EXAMPLES.

106 ‘ 11T,
" =
Dotassium carbonate 03115 | 0-3098 | 0:3007 | 03755 | 03454 | 02499
' hyposulphite . 011163 | 00338 || 0-1166 | (:0491 | 0-0308 | 0-1863
sulphate . . 00843 | 00658 || 0-1171 | 00487 | 01409 | 01220
sulphide . 00416 | 01055 || 0:0230 | 000413 | 00298 | —
. sulphocyanate . (0-0005 | 0:0013 | 0-0000 | 0-0021 | 0-0001 | 0 0013
| nitrate 00027 | 0:0011 [{ 0-:0032 | 0:0011 { 0-0005 | 0-0011
; oxide == 5 = oS e — S0 T
- Ammonium ses- ; b .
{ quicarbonate . } 0-0009 | 0-0004 || 0-0003 | 0-:0009 | 00009 | 00002
- Carbon , N — 00072 —_ 7 = —
Sulphur . [0:0034 | 0-0340 i 0-0041 | 0:0527 | 00333 | 0 0027
Total solid . . |05612 | 0:5517 || 0-5722 | 0-5714 | 0:5817 | 0-5808
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Sulphuretted 1y~ 1 00134 | 00084 | 00166 00077 | 00154 | 00081
Oxyggn S o T — — e — | 00006
Carbon monoxide . 0:0519 | 0:0473 | 0-0303 | 0-0356 | 00416 | 00258
Onrbon dioxide . . |0 2577 | 02770 | 0:2597 | 0:2750 | 02512 | 0-2718

Marsh gas.

00012

| 0:0006

00015

0-0009

Hydrogen . . . . 00007 | 0:0005 | 0-0005 | 00003 | 0:0010 | 0:0005
Nitrogen . . . . 01151 |01139 01201 01085 | 01091 | 01117

1

|
Total gaseous . EO'~L388 0-4483 ‘l 04278 | 04286 | 0-4183 | 0-4192
I

The total theoretic work of gunpowder, when indefinitely ex-
pended, is about 332,000 gram meters per gram, or 486 foot-tons
per 1b. of powder.

A difference between the products of powder of large- and
small-grain can be observed. The very small-grain powders
furnish decidedly smaller proportions of gaseous products than a
large-grain powder, and this again smaller than a pebble powder.
The most important solid products are found to consist of the
following potassium salts: carbonate, sulphate, hyposulphite and
sulphide.  The proportion of carbonate is much higher, and
that f sulphate very much lower, than had been formerly
believed to be the case.

51 Potassium Nitrite, KNO,, is formed when saltpetre is heated
until one atom of oxygen is evolved (Mitscherlich). The re-
sidue invariably contains undecomposed nitrate, and also oxides
of potassium. The above decomposition takes place more readily
in the presence of metaliic iron, copper, or lead (Stromeyer). For
this purpose two parts of lead may be employed to one part of
saltpetre. The latter salt is fused, and the fused mass heated to

. dull redness, the lead then added little by little, and the cooled
fused mass lixiviated with water. On evaporation, or on neutra-
lizing in the cold with dilute sulphuric acid and adding to the
solution twice its weight of alcohol, crystals of the nitrite are
precipitated.

When the red nitrous fumes formed by the action of nitric
acid upon starch or arsenious acid are led into a solution of
caustic potash, a mixture of saltpetre and potassium nitrite is
formed. These two salts can be separated by crystallization, the
nitrite being the more soluble.

Pure potassium nitrite is best prepared by decomposing silver
nitrite with potassium chloride (Berzelius), or by decomposing

e R
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amyl nitrite with the exactly necessary quantity of alcoholic
potash (Chapman). ‘

Potassium nitrite forms small indistinct crystals which deli-
quesce in moist air, and are insoluble in alcoliol. This salt is
employed for the separation of cobalt and nickel, and also in
organic chemistry.

52 Potassiam Hypophosphite, KPH;0,. When plosphorus is
boiled with an alcoholic solution of potash the above salt is
formed. It is deposited in deliquescent hexagonal tables which
when heated in the air take fire and burn with a yellow flame.

Potassium Phosphite. If phosphorous acid be saturated with
potash, and the solution evaporated in a vacuum, a syrupy liquid
is left, which when dried at 280° possesses the composition
K,HPO,.

Normal Potassivan Ortho-Phosphate, K,PO,, is formed, according
to Graham, when phosphoric acid is ignited with an excess of
potassium carbonate. It is readily soluble in water, and crystal-
lizes in small needles. The mono-acid salt HK,PO, does not
crystallize (Graham), and the diacid salt H,KPO, is obtained by
adding phosphoric acid to a selution of carbonate of potash until
the liquid turns blue litmus red, and this on drying is again
turned blue. The salt deposits in rhombic crystals easily soluble
in water but insoluble in alcohol.

Potassium Pyrophosphate, K,P,0,. When the mono-acid ortho-
phosphate is ignited this salt is formed. It deliquesces on ex-
posure, and deposits in the form of fibrous crystals containing 3
molecules of water, when the solution is evaporated. The acid
salt, H,K,P,0,, separates out as a white deliquescent mass when
the normal pyrosalt is dissolved in acetic acid and alcohol added
to the solution.

Potassium Monometaphosphate, KPOg.  This salt is obtained
by the ignition of the diacid orthophosphate. It is almost in-
soluble in water. Dimetaphosphate, K,P,04 + H,0, is a crystal-
line, soluble salt; it is prepared by decomposing the corresponding
copper salt with potassium sulphide. On ignition it yields
monometaphosphate.

53 Normal Potassium Arsenate, KgAsO,, is prepared by adding
an excess of caustic potash to arsenic acid. On evaporation it is
deposited in the crystalline form (Graham). Mono-acid potassium
arsenate, K,HAsO,, crystallizes with difficulty, but the diacid
salt, KH,AsO,, can be obtained in large crystals. This last salt
was known as Macquers arsenikalisches mittelsalz, and was

56
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formerly prepared by deflagrating equal parts of arsenious acid
and nitre, dissolving in water, and leaving the solution to crys-
tallize. These crystals are isomorphous with diacid potassinm
phosphate, and like these turn blue litmus-paper red, but this
red colour disappears cn drying.

Potassium Arsenite. Arsenic trioxide dissolves easily in an
aqueous solution of potash, and if the minimum quantity of
potash be employed, the compound KAsO, + H;AsO; may be
obtained as a crystalline powder when the solution is mixed
with alcohol. If this is warmed with a solution of potassium
carbonate, potassium meta-arsenite, KAsO,, is formed, and this
when warmed with caustic potash yields potassium diarsenite,
K,As,0;, likewise precipitable by alcohol.

A solution of potassium arsenite is nsed in medicine under
the name of Fowler’s Solution. This solution is prepared by
boiling one part of solid arsenic trioxide with an equal weight of
carbonate of potash in distilled water, and diluting the clear
liquid so as to fortn 90 parts of solution.

54 Potassium Metaborate, KBO,. When boric acid and car-
bonate of potash (or any other potash salt containing a volatile
acid) are fused together in the proper proportions the above salt
is obtained. It is difficultly soluble in water, and deposits in
small monoclinic crystals, possesses an alkaline reaction, and
absorbs carbonic acid from the air with formation of potassium
pyroborate or tetraborate. This latter substance is obtained by
adding canstic potash to a solution of boric acid until the liquid
attains an alkaline reaction. It is easily soluble, crystallizes in
hexagonal prisms having the formula K,B,0, + 5H,0, and pos-
sesses a faint alkaline taste. If hot solutions of boric acid and
carbonate of potash be mixed together, in the proportion of
one molecule of the former to two molecules of the latter, glit~
tering rhombic crystals of potassium triborate, 2KB,0; + 5H,0,
separate out, and when a hot solution of caustic potash is
saturated with boric acid, rhombic pyramids of potassium pen-
taborate, KB,Og + 4H,0, are deposited.

55 DLotassium Metasilicate, K,SiO,, is formed when silica is
fused together with the requisite quantity of carbonate of potash.
Indeed, this salt is formed even when an excess of carbonate is
employed, for H. Rose has shown that one molecule of silica
cannot liberate one mole-ule of carbon dioxide from an alkaline
carbonate.! Hence we may conclude that the ortho-silicate,
K, SiO,, does not exist.

1 Gilbert's Ann Ixxiii. 84.



SILICATES OF POTASSIUM. 91

Potassinm metasilicate forms a glassy mass which deliquesces
on exposure to moist air. It also absorbs carbonic acid from
the air, and is gradually transformed into a transparent jelly
which in time shrinks together, and after some weeks becomes
hard enough to scratch glass. It is probable that opal and flint
are formed in a similar manner (Kuhlmann). Van Helmont
was aware that the substance obtained by fusing silica with an
excess of alkali became liquid on exposure to air, and Glauber
termed this liquor silicum.

Potassium, Tetrasilicate, K,8i,0,. This salt, known as the
soluble glass of Fuchs, was discovered in 1818. TUnlike the pre-
ceding compound, it is not deliquescent, but soluble in water,
whence its name is derived. It is prepared by fusing 45 parts
ot quartz, 30 of potashes, and 3 of powdered charcoal, for from
five to six hours. The charcoal serves to assist the evolution
of the carbon dioxide, which is thereby reduced to carhon
monoxide.

In order to prepare pure potassinm tetrasilicate the hard
greyish-black glass thus obtained is next boiled with five times
its weight of water, the clear solution boiled down, and one-
fourth its bulk of strong alcohol added. The precipitate which
forms gradnally shrinks together, the mother-liquor is then
poured off, and the residue washed with a little cold water. It
dissolves completely in water. Dotash water-glass is used for a
variety of purposes, but it is now usually supplanted by soda-
water glass, a compound also discovered by Fuchs, a description
of which will be found in the sequel.

Potassium  Fluosilicate, K,SiF,, is obtained when hydro-
fluosilicic acid is brought into contact with a solution of a
potassium salt. When the acid is added in small quantities
no percipitate is observed to form, but soon the liquid begins
to exhibit irridescent colours, and after a while the insoluble
potassium fluosilicate separates out as a semi-transparent mass.
After washing with water and drying, the salt is obtained as
a fine white powder difficultly soluble in cold, though easily
soluble in hot water. By slow cooling it may be obtained in
the form of bright octohedrons, which sometimes show cubic
faces (\Iarmnac)

56 Normal Potassium C’arbonate, K,CO, This salt, well-
known under the name of potashes, was orwmally obtained
solely from the ashes of wood and other land plants, as the
name implies, boiled in pos. Even to the present day this
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compound is largely obtained according to the old process, espe-
cially in Canada, North America, Moravia, the Steppes of
Southern Russia, Hungary, and other districts where wood is
plentiful. The ashes are first lixiviated in wooden tubs fitted
with false bottoms, and the lye, which is of a dark brown colour,
is evaporated in iron pots either to dryness or to the point at
which ecrystallization commences, and in this way a brown
mass of crude potashes is obtained. This residue is generally
calcined in a reverberatory furnace, in order to drive off the
adhering water and to burn away the brown organic matter
adhering to it. The crude or calcined potashes obtained in
this process are usually slightly coloured either red, yellow, or
green by iron- or manganese compounds. To the pure white
potashes the name pearl-ash is given. Crude potashes contain
besides potassium carbonate, potassium chloride, potassium
sulphate, potassium silicate, and sodium compounds. In the
preparation of the American ash, caustic lime is added, and
hence this product contains large quantities of caustic potash.
When the crude potashes contain much caustic alkali it is
usual to get rid of this by heating the ash in a reverberatory
furnace with sawdust. In order to purify the crude potashes
they are dissolved in two parts of boiling water, the solution
filtered, evaporated down, and allowed to stand for some days,
when the greater part of the sulphate separates out. The
liquor, poured off from this deposit, is boiled down until the
salt begins to separate out and then allowed to cool, when
the potassium carbonate is deposited in crystals. The saline
mass is thrown into a drainer, and washed with a little cold
water to remove the mother-liquor, containing chloride and
silicate, retained by the crystals. The residue is then heated
to redness and forms refined potashes or pearl-ash. This again,
in America especially, is refined by dissolving again and allow-
ing the Jess soluble impurities to separate out. The pearl-ash
thus produnced is of first-rate quality.

During the last twenty years, owing to the high price of
potashes and the gradual extinction of forests, and in con-
sequence of this alkali being a substance largely needed in
manufacturing processes, other sources of potassium compounds
have been songht. The suggestion has frequently been made
that felspar and other silicates of potash should be employed
for the purpose, and this proposition seems a very plausible
one, inasmuch as it is by the slow decomposition of these
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silicates that all fruitful soils obtain their potash salts. At the
same time, experience has shown it to be impossible to obtain
potash from this source, and fortunately other richer sources of
potassium compounds have been discovered Amongst these
the first to be noted is that from the mauufacture of beet-rovt
and cane-sugar. DBeet-root is a potash plant, its ash leing
particularly rich in potassium compounds. The first attempt to
obtain potash from this plant was that of ineinerating the
leaves. This process however did not prove available, and it
was afterwards suggested that the molasses or uncrystallizable
sugar, which also contains large quantities of potash salts,
should be first allowed to ferment, whereby the sugar is
converted into aleohol, and the lignors evaporated, 1n this
way a black mass is obtained, consisting of alkaline salts
together with carbon. On lixiviation a solution is obtained,
and this is evaporated until it attains a specific gravity of
1-25-1-30. Potassinm sulphate separates out together with
sodium ecsrbonate. The hot lye is then drawn off, aud, on
cooling, potassimin chloride is obtained, together with some
potassium sulphate. Further evaporation and cooling yields a
wass which chiefly contains the carbonates of potash and of
soda, together with a little potassium chloride and sulphate.
These raw beet-root potashes are termed “=alin” on the con-
tinent. This erude material is again lixiviated and the liquors
are boiled down again, and a repetition of this process is carried
on until the material contains 82—84 per cent. of potassium
carbonate. The potashes obtained by this process vary very
niuch in quality, according to the district where the beet-root
has been grown. They are richer where the beet-root has
been recently introduced than where the soil has been partially
exhausted.

Another remarkable source of potassium is that from sheep-
wool. It has already been mentioned that sheep withdraw a
considerable quantity of potash salts from the soil. Chevreul
first pointed out that the sweat or suint of sheep contains no
less than one-third of its weight of potash salts, The brown
liquors ir which the wool has been washed are evaporated to
dryness, and the solid residue calcined in retorts, by which
means ammonia and a gas used for illuminating purposes are
evolved ; the residual mixture of charcoal and alkaline salts is
again lixiviated and treated in a similar way to the salin already
described.
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Potashes are lastly obtained in still larger quantity from potas-
sinm sulphate, which, as we have seen, separates out in the
manufacture of potashes, and is likewise obtained in considerable
quantity both from the Stassfurt beds and from sea-water. A
large quantity is also obtained by heating potassium chloride
with sulphuric acid, and in the manufacture of bichrome. For
the purpose of converting the sulphate into the carbonate it is
Leated in a reverberatory (black-ash) furnace with the requisite
quantity of limestone and coal, the product being worked
exactly according to Leblanc’s process for obtaining carbonate of
soda from salt-cake. The details of this process will be found
under the Sodium Compounds. The present extent of the
potash industry is seen from the following numbers taken from
the report of the Vienna HExhibition of 1869.1

Yearly Product of Potashes tn kilos.

From wood ashes . . . . 20,000,000
» beet-root . . . . . 12,000,000
, suint of sheep . . . 1,000,000

» sulphate of potassium . 15,000,000

These numbers clearly show that the potash industry is under-
going a most remarkable change. Twenty years ago the whole
of the potash salts were obtained from wood-ashes, and the export
of Russian potashes amounted in 1864 to more than 11,000,000
kilos, whilst in 1873 it amounted to only 5,500,000 kilos. The
export of American potashes has likewise diminished in the last
ten years from 1,900,000 kilos to 388,000 kilos.

In order to prepare chemically pure potassium carbonate, it
was customary formerly to employ pure cream of tartar
(hydrogen potassium tartrate) which was heated in covered
iron crucibles. A mixture of carbon and potassium carbonate
was thus obtained, and by lixiviating the residue with water
and evaporating the solution down in a silver basin the pure
salt was deposited. This salt even now retains the name of
salt of tartar. Instead of the expensive tartar it is now
customary to employ the much cheaper hydrogen potassium car-
bonate or bicarbonate of potash, which can be easily prepared
in the pure state, and which on heating yields water, carbon
dioxide, and potassium carbonate :

9KHCO, = H,0 + €0, + K,CO,
1 Ber. Entw. Chem. Industrie, 409.
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When prepared on the manufacturing scale, the carbonic
acid which is evolved is made use of for the preparation of a
fresh portion of bicarbonate.

Pure potassinm carbonate occurs either in the form of a
white granular powder. or as a white sulid mass which possesses
a strong alkaline reaction and has an alkaline and slightly
caustic taste. It melts at 838° (Carnelley), and then loses a small
quantity of carbon dioxide. At a white heat it is volatilized. Tt
is extremely hygroscopic and very soluble in water, and when
exposed to the air it scon deliquesces ‘to an oily liquid which
has received the name of “oleum tartari per deliquium.”
According to Mulder, 100 parts of water dissolve the following
quantity of salt at—

0° 20° 40° 60° 80°
894 112 117 127 140 parts.

At 135° the boiling point of the saturated solution, 100 paits
of water dissolves 205 parts of the salt. For the specific gravity
of solutions of this salt, Gerlach’s tables may be consulted.!
‘When the concentrated solution is allowed to stand monoclinic
crystals possessing a glassy appearance and having the composi-
tion 2K,CO; + 3H,O are deposited. These on heating to 100°
fall to a white powder having the composition K,CO, + H,0,
and this at 130° loses all its water.

Carbonate of potash is largely used in the manufacture of
soft-soap, yellow prussiate, and chromate of potash, and erystal
glass.

Hydrogen Potassium Carbonate, KHCO,. This salt, also known
as bicarbonate of potash, is obtained by passing carbon dioxide
through a concentrated solution of the normal salt when the
bicarbonate, which is much less soluble, erystailizes out. Another
process is to pass a current of carbon dioxide over the slightly
moistened purified potashes, the product being recrystallized
from warm water. It forms large transparent crystals belonging
to the monoclinic system, which possess a saline taste and a
slightly alkaline reaction. 100 parts of water dissolve at the
ordinary temperature, about 25 parts, and at 70° 45 parts,
of the salt. When the solution is boiled carbon dioxide is
given off, and when the dry salt is heated to 190° it is
thoroughly decomposed into the normal carbonate and carbon
dioxide. !

Y Zeitsch. Analyt. Chem. viii. 279.
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Potassium Cyanide, KCN. Commercial potassium cyanide is
prepared according to Liebig’s method as follows. Eight parts of
dry ferrocyanide of potassium are melted in an iron crucible
together with three parts of potassium carbonate -

K Fe(CN), + K,C0, = 5KCN + KOCN + CO, + Fe.

As soon as no further evolution of gas takes place and the
liquid appears clear, the crucible is taken from the fire and the
melted mass poured off from the finely divided iron which
remains behind. Asis seen in the above equation, the cyanide thus
prepared contains a small quantity of cyanate. For ordinary
purposes this admixture is of no consequence. A purer product
can be obtained by heating the dry ferrocyanide to a bright
red heat:

K Fe(CX), = 4KCN + FeC, + N,

A portion of the melted mass can be poured off and thus
obtained in the pure state. That which remains in contact
with the carbide of iron must be dissolved out with water, or,
better still, with boiling alcohol. Chemically pure potassium
cyanide is best prepared by passing the vapour of hydrocyanic
acid into an alcoholic solution of potash. The salt then separates
out as a white crystalline powder.

Potassium cyanide has a sharp bitter taste; it is exceedingly
soluble in water and dissolves slightly in cold, and somewhat
more readily in hot, alcohol. When the coucentrated aqueous
solution of the salt is allowed to evaporate over strong suiphuric
acid it deposits crystals in the form of regular octohedrons.
Potassium cyanide is readily fusible, and on cooling solidifies
in cubes. The weakest acids, even carbonic acid, decompose
the salt with evolution of hydrocyanic acid. Hence the salt
smells of this acid when exposed to the air, and is itself as
poisonous as the acid.

Potassium cyanide is used in large quantity in photography,
and in the laboratory, where it is used largely as a reducing
agent. This is due to the fact that when in the fused state
it withdraws oxygen from many oxides and is converted into
potassium cyanate. When heated with nitric acid or chlorate
of potash violent explosions occur. Potassium cyanide and
sulphur when melted together combine directly, forming potassium
thiocyanate. This compound is also formed when the eyanide is
heated with several mctallic sulphides.
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Potassium Cyanate, KOCN, This salt is prepared by igniting
an intilﬁate mixture of two parts of dried yellow prussiate of
potash and manganese dioxide on a flat iron dish until the
mass has attained a brownish-black colour. It is well
stirred, and the temperature increased until the mass begins to
soften, after which it is allowed to cool. The solid residue is
then exhausted with .aleohol of 80 per cent., and the alcoholic
solution evaporated until crystallization begins.

Potassinm cyanate crystallizes in transparent tables, which
are readily soluble in water and in alcoliol. The aqueous
solution gradually decomposes into ammonia and hydrogen po-
tassium carbonate :

KOCN + 2H,0 = NH, + KHCO,.

Potassium cyanate is employed for the preparation of some
organic compounds.

Lotassium Thiocyanate, KSCN, is prepared by gently heating
a mixture of forty-six parts of dried yellow prussiate of potash,
seventeen parts of carbonate of potash, and thirty-two parts
of sulphur. The mass when cold is boiled with aleohol.
On cdoling the filtered liquid the above salt separates out in
long striated transparent prisms, which melt readily when heated,
and deliquesce in moist air. It is very soluble in water; if
500 grams of this salt be mixed with 400 grams of cold water
the temperature of the mass sinks to —20° (Riidorff) ; hence this
salt is largely used as a refrigerant.

The formation of potassium thiocyanate serves as a delicate
test for the presence of sulphur or sulphides. For this purpose
the body under examination is fused with a small quantity of
potassium eyanide, the fused mass heated with water, and a drop
of ferric salt added to the slightly acidified solution, 1f sulphur
or sulphides were present, the deep blood-red colouration of
ferric thiocyanate is noticed.

POTASSIUM AND SULPHUR.

57 Potassium Monosulphide, K,S. This substance is forn)ed,
according to Berzelius, by leading hydrogen over potassium
sulphate. It forms a pale red crystalline mass, which on
heating becomes darker and melts to a black liquid below a red-
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heat. Berthier obtained the same compound as a flesh-coloured
mass by strongly heating the sulphate with carbon:

K,S0, + 4C = K,S + 4CO.

‘In order, however, fo obtain this substance a larger amount of
carbon is needed than that represented in the above equation,
otherwise a mixture of higher sulphides with potassium carbonate
is obtained (Wittstock). Indeed it appears impossible to obtain
perfectly pure monosulphide, as even the substance obtained by
reduction with hydrogen contains higher sulphur compounds.*
The mass deliquesces in moist air, and dissolves in water with
evolution of considerable heat.

If potash lye be saturated with sulphuretted hydrogen, and if
then the same quantity of alkali be again added to the solution,
a solution of the monosulphide is obtained. This remains colour-
less if the air be excluded, possesses an alkaline taste, and acts
on the skin as a strong caustic. When evaporated in a vacuum
at a low temperature, four-sided prisms are deposited, having the
formula K,S + 5H,0.2 If this aqueous solution be boiled, sul-
phuretted hydrogen is given off, and when exposed to the air it
becomes yellow from absorption of oxygen and carbon dioxide, and
formation, of potassium thiosulphate and potassium carbonate,
_he sulphuretted hydrogen which is liberated decomposing with
formation of water and sulphur, and the latter substance uniting
with the monosulphide to form higher sulphides. On shaking the
yellow solntion with metallic copper it again becomes colourless.

Potassium Hydrosulphide, KSH. This substance was first
prepared by Gay-Lussac by heating potassium in dry sulphu-
retted hydrogen. He then observed that the same quantity
of potassium which was capable of evolving one volume
of hydrogen from water was able to combine with all the
sulphur in two volumes of sulphuretted hydrogen, liberating
half the hiydrogen:

K, + 2H,S = H, + 2KSH.

Berzelius obtained the same compound by the action of
sulphuretted hydrogen on carbonate of potassium heated to dull
redness :

K,CO, + 2H,S = 2KSH + H,0 + CO,

This body forms a white or yellowish mass, which when heated
1 Baner, Journ. prakt, Chem. 1xxv, 246. 2 Schéne, Pogg. Ann. cxxxi. 380,
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to dull redness melts to a liquid, which at a higher temperature
becomes of a dark red colour. It is very soluble in water, and
the aqueous solution is very easily obtained by saturating
caustic potash solution with sulphuretted hydrogen. This forms
a colourless liquid which smells slightly of sulphuretted
hydrogen, has an alkaline and bitter taste, and on exposure to
the air becomes yellow, owing to the formation of higher
sulphides. When exposed a still longer time to the action
of the air it becomes colourless, inastnuch as potassium thio-
sulphate is formed. If the concentrated solution be allowed to
evaporate over caustic lime or caustic soda in a vacuum, colour-
less glittering rhombohedral crystals separate out, having the
formula 2KSH + H,0.

58 Potassium Trisulphide, K,S;. If the vapour of carbon
disulphide be led over slightly ignited potassium carbonate
a mixture of the above compound with carbon is obtained.
In this case potassium thiocarbonate is first formed as a red
liquid, which then decomposes into the above mixture (Schine):

(1) 2K,CO; + 3CS, = 2K,CS, + 3CO,
(2) 2K,CS, = 2C + 2K,S,

The pure compound is also obtained by heating the tetra-
sulphide to a temperature of above 800°. It forms a light-
brown crystalline mass soluble in water.

Potassium Tetrasulphide, K,8,, is formed when one part of
potassium carbonate is melted with two parts of sulphur, and
sulphuretted hydrogen led through the fused mass as long as
water and sulphur are given off. It forms a reddish-brown
crystalline mass readily soluble in water, forming with it a cry-
stallizable compound which may also be obtained when potassium
monosulphide is boiled with the requisite quantity of flowers of
sulpliur, and the solution allowed to evaporate in a vacuum.
Thin orange-red coloured tables are thus obtained having the
composition K,S, + 2H,0 (Schone).

Potassium Pentasulphide, K,S,, is prepared by heating any
of the lower sulphides with sulphur at temperatures below 600°.
1t forms a red semi-transparent mass which melts upon heating,
and possesses a bitter and alkaline taste. When fused in a
current of steam potassium sulphate is formed (Drechsel):

K,S, + 4H,0 = K,S0, + 41H,8.

It is easily soluble in water, and its solution is likewise formed
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when an aqueous solution of any of the lower sulphides is
saturated with sulphar.

The sulphides of potassium are all decomposed by acids,
sulpluretted hydrogen being evolved, and sulphur-milk separat-
ing out in the case of the four latter compounds.

Liver of Sulphur or Hepar Sulphwris. This is an old name
given to a mixture of potassium polysulphides with potassium
sulphate, or potassium thiosulphate. It is obtained by gently
heating sulphur with carbonate of potassium in a covered vessel.
The composition of the liver-coloured mass thus obtained is
variable, according to the proportions in which the bodies have
been mixed and the temperature to which they have been heated,
Liver of sulphur was well known to the alchemists of the
middle ages. Stahl considered it to be a compound of the alkali
with 'sulphur, and called it “ sulphurized alkali.” He also knew
that it could be prepared by heating sulphate of potash with
carbon, and used this fact to prove that only ome kind of
phlogiston exists (see Vol. i. p. 13).  Liver of sulphur is used
in medicine, and is termed in the Pharmacopceia, potassa sul-
phurata.

POTASSIUM AND NITROGEN.

59 Potassamide, NH,K. This compound was discovered by
Gay-Lussac and Thénard in 1811. It is formed when potassium
is gently heated in ammonia gas; the metal melts, first becomes
of a bright blue colour, then green, and afterwards of a yellowish-
brown tint. It shrinks considerably on cooling, and thns
becomes separated from the glass in which it is contained.
It burns with the evolution of bright sparks when heated
in oxygen,and is decomposed in contact with water, often with
the liberation of light and heat:

NH,K + H,0 = NH, + KOH.

Potassium Triamide, NK,, forms a greenish-black infusible
mass obtained by igniting the foregoing compound in the
absence of air:

3NH,K = 2NH; + NK,.

At a very high temperature it decomposes into its constitnent
elements, and takgs fire in the air easily, burning with a dark
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reddish flame. It is violently decomposed when brought into
contact with water.

DETECTION AXD ESTIMATION OF POTASSIUM AND ITS
CoMPOUNDS.

60 The best indication of the presence of potassium compounds
is the violet colour which they impart to the non-luminous flanie.
This tint is, however, not seen if even a small quantity of a
sodium compound be present. In this case the flame may be
observed through a blue cobalt glass, wkich absorbs the yellow
rays. It is however preferable to examine the flame by means of
the spectroscope. The spectrum of potassium compounds thus
obtained contains only two characteristic lines:—viz., K a in
the outermost red, approaching the ultra red rays and coineident
with the dark line A of the solar spectrum ; and a second line
K B, situated far in the violet rays, towards the other end of the
spectrum, also identical with a dark solar line. A very in-
distinet line exists coincident with Fraunhofer’s B, seen ouly
when the light is very intense, and this is not so characteristic.
Owing to the position of the two lines, K a and K 8, both situated
near the limit at which our eyes cease to be seunsitive to the
rays, this reaction for potassium is not very sensitive, but 14
of a milligram can be readily detected. The absorption
spectrum of potassium has been mapped by Roscoe and
Schuster.! It is totally different from the emission spectrum
just described, being a channelled space spectrum. Gbserved
at a low temperature the green-coloured vapour exhibits a well-
niarked series of bands, one group in the red (a) and two
groups (B and ) at each side of the sodium line being seen.
These bands are all shaded off towards -the red, and in general
appearance resemble those of the iodine spectrum.

In order to separate solublc potassium compounds from other
metallic salts, they must be precipitated either as the per-
chlorate, the acid tartrate, or the platinum double chloride
K,PtCl,.

This last compound is employed for the quantitative deter-
mination of potassium, and for the separation of this metal
from sodium. To the mixed chlorides an excess of platinum
tetrachloride is added, the liquid is then evaporated on the
water-bath, and the cooled residue mixed with strong alcohol, in

1 Proc, Roy. Soc. xxii. 362.
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which the excess of platinic chloride and the sodium double-salt
easily dissolve. The potassium double-salt- is then collected,
dried and weighed.

The mixed chlorides of potassium and sodinm can also be
weighed, and then converted into sulphates by treatment with
strong sulphuric acid, and the weight of these determined.
From these data the amount of potassium (2)) and of sodium (%)
present can readily be calculated when the molecular weights of
the several salts are known. Thus:—

K = 3904 Na=2299 K,="7808 Na,=4598
Cl = 3537 Cl=3537 80,=9582 S50,=95:82

7471 5836 173-90 141-80

If A represent the weight of the mixed chlorides and B that of
the mixed sulphates, we have :—

W THAL | 5836
3904” t 22:99%
1739 1418

B=rg08” 1 asv8!

From which the values of z and y can readily be obtained.

The atomic weight of potassium has been most accurately
determined by Stas. As a mean of 8 experiments he found
that 100 parts of potassium chlorate yielded 60-846 parts of
potassinum chloride on ignition. Moreover, 69103 parts of
potassium chloride were needed, as a mean of 19 experiments,
to precipitate 100 parts of siiver from solution; and 100 parts
of silver, as a mean of 7 experiments, gave 132:8445 parts of
silver chloride. These experiments give the number 39-04 as
the mean for the atomic weight of potassium, the number
35-37 for that of chlorine, and the number 107-68 for that of
gilver when O = 15-96. :

SODIUM. Na = 2229

61 In the writings of the Old Testament (Jeremiah ii. 22}
we find a substance used for washing purposes mentioned as
nether. This same substance is mentioned in Proverbs as being
one which effervesces when vinegar is poured over it, and in our
version this substance is called nitre. In Luther’s translation
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the name chalk is given to this body, but there can be little
doubt that by the word nether was meant trona, or the native
carbonate of soda, to which the names viTpov in Greek and
nurum in Latin were applied.

At a later date the name nitrumn was given to saltpetre ; but
up to the fourth century there is no doubt that nitrum signified
the carhonate of soda originally obtained from the salt lakes in
Egypt, to which the names flos salis and spuma nitri were given.
Reasons for believing this are, amongst others, the facts stated
by Pliny, that in the first place this nitrum does not decrepitate
when thrown on the fire (“igni non exsilit nitrum ) as saltpetre
does; that, secondly, it possesses a fatty touch, this property
being heightened by builing it with lime; thirdly, that the
nitrum is used bhoth with and without oil in the baths (in
balineis wtuntur (nitro) sine oleo); and fourthly, that it is
largely used in the manufacture of glass.

The word nitrum was, as we have already remarked, long
indiseriminately applied to both soda and potash. The history
of the distinction between these two bodies has also been dwelt
upon. The terms soda and natron came into general use in
the fifteenth century to distinguish fixed alkali from nitre.

Metallic sodium was first obtained by Davy! in 1807, by
exactly the same process as that by which he prepared potassium
(see p. 55).

The sodium compounds occur very abundantly and are
universally diffused. Large quauntities of sodium chloride,
NaCl, are found in extended deposits as rocksalt in different
parts of the world and in various geological formations, whilst
the same compound occurs in solution in sea-water, salt lakes,
salt springs, and many mineral waters. Sodium nitrate, or,
Chili saltpetre, NaNOQ,, is deposited in beds several feet thick
in the rainless districts of Southern Peru and Bolivia; the car-
bonate, Na,CO,, and the sulphate, Na,SO,, are found either in
springs or as deposits in the beds of dried-up lakes. Many
minerals, especially nepheline, sodalite, albite, lahradorite, con -
tain sodium silicate in considerable quantity, whilst traces of
sodium compounds occur in all silicates. Indeed it is difficult
to find any substance which does not contain traces of sodium,
as evidenced by the very delicate spectroscopic reaction,

Sodinm compounds are also found in the bodies of vegetables
and animals. Plants growing in or near the sea contain sulphate,

1 Phil, Trans. 1808, pp. 5, 21.
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iodide, and chloride of sodium. The whole of the animal body,
especially the juices, is rich in sodium compounds, the carbonate,
chloride, and phosphate chiefly occurring, together with sodium
salts of organic acids.

Sodium salts are, however, not characteristic of vegetable life
in the same sense that potassium salts are. Thus, whilst the
latter alkali is always present in larger quantities in certain
organs of the plant than in others, sodium appears to be gene-
rally equally diffused throughout the whole organism. It is also
a remarkable fact that the sodium salts contained in the ashes
of plants are insoluble in water, as they combine with the phos-
phates of the alkaline earths to form insoluble compounds. For
this reason the presence of sodium compounds in the ashes of
plants has often been overlooked.

Duhamel and Cadet showed that if the plant Salsola Soda,
which grows near the sea, and which yields an ash rich in soda
salts, be transplanted to an inland situation, the ash gradually
loses soda and gains in potash, until at last the whole of the
former disappears. On the other hand, if inland plants are
grown near the sea the reverse change takes place (Corren-
winder).

62 Preparation of Mctallic Sodium. Sodium, like potassium,
was first obtained in 1808 by Davy by electrolysis of caustic
soda, though according to him it is less easily prepared in this
way than potassiim. Up to recent years sodium was manu-
factured by a process proposed by Brunner of igniting a mixture
of carbonate of soda and charcoal, and this method was im-
proved by Deville,! who showed that the manufacture of sodium
is simpler and easier than that of potassium as there is no
liability to explosions. This process, which is in principle the
same as that described for the manufacture of potassium, is,
however, a costly and uneconomic one, inasmuch as a con-
siderable quantity of the sodium is volatilized and burns ; some
adheres to the receiver, and the reduction does not oceur com-
pletely, so that in a well-conducted operation the sodium
obtained is only about one-third of the weight of the theoretical
yield, and, moreover, as it is necessary to expose the retorts to
a white heat they are rapidly burnt throngh and rendered use-
less. An improved method of manufacture was introduced by
Castner in 1886 by replacing the sodium carbonate by caustic
soda. The reaction is expressed as follows :

! Ann. Chim. Phys, [3] xliii, 5.
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3NaOH + C = Na,CO, + 3H + Na

and the obvious disadvantages of (1) the use of costly caustic
soda, and (2) the theoretical yield being only one-third of the
quantity contained in the charge, are counterbalanced by the
fact that the reaction proceeds at a low red-heat, and that large
quantities of materials can be treated, and that the wear and
tear on the iron retorts are rendered less serious than when
higher temperatures are used.!

By this process, which was successfully worked for some time,
the price of sodium was materially reduced, but more recently
Castner has introduced another method of manufacture, which has
placed the sodium industry on an entirely new basis, and obviated
the great difficulties which necessarily beset all the older processes.
In this, the necessary temperature of decomposition rises only
a few degrees above 300°C., and thus the wear and tear of the
apparatus is reduced to a minimum, whilst at the same time the
whole of the sodium is obtained as metal. In this process molten
caustic soda is electrolysed in large metal crucibles, so arranged
that the sodium and hydrogen liberated on the negative electrode
passintoasmall collecting chamber, from which the molten sodium
is periodically ladled. In the year 1808 Davy, with his battery of
100 cells, found it “impossible to produce the effects of de-
composition on pieces of soda of more than fifteen or twenty
grains in weight ;" the process has now been so amended that the
plant at the works of the Aluminium Company, Limited, at
Oldbury, manufacture about five tons of sodium per week.

When once the necessary conditions of temperature, current,
&c., are understood, the decomposition proceeds with regularity
and certainty, and the metal is produced at a cost considerably
less than was possible by the former methods. The production
of cheap sodium will doubtless enable this metal to be used for
a great variety of purposes for which the high price has hitherto
been prohibitory.

The sodium thus obtained is sufficiently pure for ordinary
purposes, and only requires to be remelted and then cast into
sticks about one inch thick and a foot long. These may be
preserved in closed vessels in dry air without undergoing any
appreciable oxidation for a long time. The sticks of metal
thus preserved become covered by a thin coating of oxide,
which prevents further oxidation. When in smaller masses it
is advisable to keep the sodium under petroleum.

1 See Roscoe, Proc. Roy. Inst. London, 1859.
57
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63 Properties. Sodium is a white metal possessing a high
silver-white lustre. It may be obtained in the erystalline condi-
tion by sealing up 100 grams of metal in a glass tube filled with
hydrogen. The sodium is melted at one end of the glass tube
and then allowed to filter through some wire-gauze placed in
a narrowed portion of the tube. The melted metal is thus
rendered perfectly free from oxide, and must be fused in
the clean part of the tube, allowed to cool partially, and then
the central liquid portion suddenly poured off from the solidi-
fied crust. According to Long?! sodium ecrystallizes in the
quadratic system, forming acute octohedrons. The specific
gravity of sodium at 0° was found by Davy to be 0-9348; more
accurate and more recent determinations of Baumhauer give
09735 as its specific gravity at 13%5. At —20° sodium is
rather hard, at 0° it is very ductile, at the ordinary temperature
it has the consistency of wax, at 50° it is semi-fluid, and it melts
at 95°6 (Bunsen), forming a liquid resembling mercury in its
appearance. Sodium boils at 861°—945° (Carnelley and Williams),
emitting a vapour which is colourless when seen in thin layers,
but of a peculiar purple colour by transmitted light when
seen in quantity (Roscoe and Schuster). It conducts heat and
electricity better than any of the metals with the exception
of silver, copper, and gold (Matthiessen), and next to ceesium,
rubidium, and potassium, it is the most electro-positive metal
(Bunsen).

‘When freely exposed to moist air sodium oxidizes like potas-
sium, although not quite so rapidly. It burns with a bright
yellow flame when heated in the air, forming the monoxide
and the dioxide. Thrown on to cold water it swims on the
surface, disengaging hydrogen and dissolving, but not evolving
heat enough to ignite the hydrogen. Brought into contact
with hot water, or thrown on to a thick paste of starch, the
evolved hydrogen ignites and burns with a yellow sodium-
tinted flame.

Sodinm is used for the preparation of silicon, boron, mag-
nesium, and aluminium. Sodium-amalgam is employed in the
process of extracting gold from the quartzose rock in which it
occurs, and this amalgamn, like sodium itself, is of great service
as a reducing agent in the laboratory.

Sodium forms with potassium an alloy which is liquid at tha
ordinary temperature, and looks like mercury. When it contains

1 Chem. Soe, Journ, xiii. 123.
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16 parts of potassium to 10 parts of sodium this amalgam
becomes pasty at 8°, and solidifies at lower temperatures. If
more potassium is contained in it the amalgam remains liquid
below 0°. The amalgam is not only obtamed by melting the
two metals together under rock oil, but also by adding sodlum
to fused acetate of potassium when gases are rapldly evolved
and the amalgam is formed (Wanklyn).

SODIUM AND HYDROGEN.

64 Sodium Hydrogenide, Na H,. When dry hydrogen gas is
passed over fused sodium at a temperature between 300° and
400° and under a pressure of 760™™ the wetal gradually absorbs
237 times its volume of hydrogen. The compound obtained
possesses a metallic lustre and a silver-white colour; its
specific gravity is 0°959; it is soft at the ordinary tem perature
and it fuses at a somewhat lower temperature than sodium. It
may be fused in hydrogen without undergoing any decomposi-
tion, but when heated to 330° it begins to evolve hydrogen gas,
and if heated in a Sprengel’s vacuum pump, the whole of the
hydrogen is given off. In this way Troost and Hautefeuille!
were able to determine the composition of the compound. One
volume of sodium disengaged 237 volumes of hydrogen; the
volume required by the formula Na H, being 238.

SODIUM AND OXYGEN.

65 Sodium forms two well defined oxides, a strongly basic
monoxide Na,0, and a peroxide Na,0,. In addition to these a
grey suboxide probably exists, formed when a clear surface of -
the metal is first exposed to air.

Sodium Monoxide, Na,0. Sodium does not oxidize in perfectly
dry air, but when heated it takes fire and burns with formation
of a mixture of the monoxide and peroxide. In order to obtain
the pure monoxide sodium hydroxide is heated with sodium:

NaOH + Na = Na,0 + H.

It is a grey mass having a conchoidal fracture; it melts at a
1 dnn, Chim. Phys. [6), il. 273,



108 ALKALI METALS.

dull red heat and undergoes volatilization at a still higher
temperature (Davy). Its specific gravity is 2:805. When
brought into contact with water violent action ocecurs, sodium
hydroxide being formed.

Sodium Hyolromde Sodium Hydrate, or C’ausm Soda, NaOH.
‘When water is added to sodium monoxide or to the peroxide of
sodium great heat is evolved, and the hydroxide is formed, in the
latter case oxygen being liberated. The hydrate is also formed
when sodium is thrown on to water. In order to prepare it in this
way a piece of clean sodium of the size of a small nut is thrown
into a silver basin containing a few drops of water, and kept
cool in cold water. A second piece of metal is then added, and
a little more water, and so on, until about a pound of metal
has been used. Great care is needed in this operation, as the
fused soda is apt to be thrown about. The solution is evapo-
rated and the soda obtained in a fused state cast into sticks
The hydroxide thus obtained is free from chloride, and sulphate
of sodium, and from alumina, silica, and oxide of iron. It is,
however, an expensive material used only for special purposes in
the laboratory.

For the purpose of preparing a cheaper material use is made
of the decomposition which sodium carbonate in dilute solution
undergoes in presence of quick-lime. On the small scale 3 parts
of soda crystals are dissolved in 15 parts of boiling water and a-
quantity of milk of lime, obtained by slaking 1 part of lime
with 3 parts of water, is added little by little to the boiling
liquor. The liquid after boiling is tested from time to time, and
when found free from carbonic acid, treated as has been described -
under caustic potash.

Caustic soda is a white opaque brittle solid with fibrous tex-
ture. Its specific gravity is 213 (Filhol), and it melts below a
red heat and is rather less volatile than potash. It deliquesces
in the air and when moist absorbs carbon dioxide, and acts as a
powerful cautery. When heated to the melting point of cast-
iron, caustic soda decomposes into its elements (Deville).2

Hydrated Caustic Soda, 2NaOH + 7H,0. This hydrate is
deposited in large transparent tabular crystals when a solution
of soda-ley of specific gravity 1-365 is exposed to a temperature
of —8°. These crystals melt at 6°, yielding a liquid having a
specific gravity of 1'405 (Hermes).3

1 Enginecr, 1867, p. 225. 2 Comptes rendus, xlv. 857.
3 Pogg. Ann. cxix. 170
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According to G. Rose these crystals belong to the monoclinic
system.!

Soda-ley. The following table gives the specific gravity of
soda-ley at 15° according to the experiments of Schiff.?

i e A Lo
1 1-012 30 1332

5 1059 35 1384

10 1115 10 1437

15 1170 45 1488

20 1925 50 1540

25 1:279 55 1591

60 1643

Caustic soda is a most useful substance, and is largely used
for many industrial processes, its chief employment being in the
manufacture of soap. A description of the method used for its
preparation on the large scale will be found in the sequel.

Sodium Dioxide, N,0, Sodium when heated in oxygen
oxidizes in the same way as potassium, and sodium dioxide
is formed (Harcourt)? This oxide is also formed when
sodium nitrate is ignited (Gay-Lussac and Thénard).

Sodium dioxide has a pure white colour, but it becomes
yellow on heating, regaining its white tint when cold. When
exposed to the air it deliquesces, then absorbs carbonic acid,
and ultimately forms a solid mass of carbonate. The dioxide is
not decomposed on heating; when thrown into water, heat
is evolved and caustic soda and oxygen formed; if the water
be added gradually the dioxide dissolves, and this solution if
allowed to evaporate spoutaneously deposits large tabular
hexagonal ecrystals of the hydrate, Na,0, + 8H,0, and these
when dried over oil of vitriol lose three-fourths of their water,
giving rise to a second hydrate, Na,0, + 2H,0. Sodium dioxide
absorbs carbon monoxide gas with formation of sodium car-
bonate :

Na,0,+ CO = Na,CO,.
Carbon dioxide is likewise absorbed, and then one atom of
oxygen is liberated :
Na,0,+ CO,=Na,CO; + O.

1 Loc. cit. 2 Ann, Pharm. cvii. 300,
3 Chem. Soc. Journ. xiv. 276.
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The first hydrate is also precipitated when alcohol is added to
a mixture of the aqueous solutions of caustic soda and per-
oxide of hydrogen. For this purpose a solution of caustic soda
containing 20 per cent. of NaOH is mixed with one of hydrogen
peroxide containing 5 per cent. of H,0,, and alcohol of 80 per
cent. added in excess. The precipitated hydrated peroxide can
Dbe filtered and dried without decomposition (Fairley).X

When sodium dioxide is heated with phosphorus, brilliant
incandescence occurs. The dioxide combines with nitric oxide
when heated nearly to its melting-point, sodium nitrite being
produced.

SALTS OF SODIUM.

66 Sodium Chloride, or Common Selt, NaCl, Davy states that
sodium takes fire when brought into chlorine gas. Wanklyn 2
has, however, shown that dry chlorine does not attack sodium
even in-the melted state. Probably Davy’s chlorine was moist.
Metallic sodium also retains its brightness in liquid chlorine
at —80°,

Chloride of sodium occurs as rock-salt in large deposits in
various geological strata, in solution in sea-water and brine
springs, and in small quantities in all running water.

The chief European deposits of salt oceur in the trias formation.
The most important are those at Northwich and Winsford
in Cheshire, at Wielizeca in Galicia, at Reichenhall, Hallein,
.and other localities in the Tyrol, and at Stassfurt in the north of -
Germany. Rock-salt also occurs in France, Spain, and Switzer-
land, and in Asia, Africa and America, in various localities.

The Cheshire salt-beds occur in the keuper (triassic) beds.
They are two in number, separated by about 80 feet of clay;
they are together about 60 yards thick, and extend over an area
of 16 miles by 10.

The methods adopted for raising and working the salt differ
widely, according to the nature of the deposit and its situation.
Sometimes the rock-salt is mined and brought up to the surface ;
generally, however, salt-springs or brine-wells are artificially
constructed by sinking a bore-hole through the overlying strata
to the salt-bed, and allowing water to pass down this boring.
The water soon becomes saturated with salt, and it is then

1 Chem. Soc. Journ. 1877, i. 125. 2 Chem. News, xx 271.
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pumped up and the salt obtained by evaporation, either by
means of fuel or by exposure to air.

Owing to the presence of cheap fuel and water carriage the
quantity of salt raised in England is much larger than that
obtained in any other country. No less than 1,821,978 tons
of salt were obtained from English brine in the year 1891, and
in addition 184,284 tons were raised as rock-salt.

Fia, 12,

67 The process of evaporating the brine, 100 parts by weight
of which in Cheshire usually contain 233 parts of salt, is of the
simplest kind. Indeed it has not been improved since the time
of the Romans, and although very numerous patents for the
purpose have been taken out, no economy in fuel has been
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effected. The brine is evaporated in large shallow iron pans
heated by means of fires placed beneath. The appearance and
quality of the salt which deposits depends upon the temperature
at which the brine is kept and the rapidity with which the
process of evaporation is conducted. One ton of salt needs for
its production the consumption of about 10 to 12 cwt. of slack
or small coal. The Cheshire brine contains about 165 per
cent. of calcium sulphate, CaSO, and about 005 per cent.
of magnesium chloride, MgCl,, ~ The first of these salts is
deposited as pan-scale when the brine is boiled down.

In Germany, where fuel is dear, the brine is evaporated by
exposing it to the action of the air by a process termed “ gradu-
ation.” After having been allowed to trickle several times over
high walls of fagots and thus become more concentrated, it is
boiled down in pans. The arrangement used for this purpose is
shown in Fig. 12.

Preparation of Salt from Sea-water. The evaporation of
sea-water in salterns, or brine-pans, by the aid of air and the
sun's heat has been carried ount from very early times. In
England, at Hayling Island near Portsmouth, and at Lymington,
and in Scotland at Saltcoats on the Ayrshire coast, such
salterns are now in use.

In countries more favoured by sunshine, such as the coasts of
France, Portugal and Spain, these salterns are more numerous
than with us. When this salt, termed Bay-salt, is deposited, a
mother-liquor called Bittern is left. This consists of the
chlorides, sulphates, and bromides of magnesium and potassium,
and from this, bromine is obtained.

All common salt contains a small guantity of sodium sul-
phate, calcium sulphate, and inagnesium chloride. The presence
of the last compound renders the salt liable to become damp
.in the air. This same substance likewise not unfrequently
attacks the iron pans, causing the presence of traces of ferric
chloride in the salt.

In order to prepare chemically pure sodium chloride from
common salt, hydrochloric acid gas is passed into a saturated
solution of salt. A precipitate of the pure chloride is thrown
down, the alkaline sulphates and magnesium chloride remaining
in solution. The precipitate is thrown on a filter, washed with
concentrated hydrochloric acid, and then dried and fused in a
platinum basin.

Properties—Sodium chloride ecrystallizes in cubes. Rock-
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salt is usually found in cubical crystals, sometimes, however,
in octohedrons and intermediate forms. It possesses an agreeable
saline taste. Tts specific gravity at 0° is 2:16, and its hard-
ness 2:5. Rock-salt is highly diathermanous, or it permits the
heat-rays, dark as well as visible, to pass through it. Hence it
is a valuable substance in thermal researches. Sodium chloride
melts at 776° (Carnelley), and crystallizes on cooling. It begins
to volatilize at temperatures not far removed from its melting
point, and hence it cannot be fused without loss (Stas).

‘When heated with silicic or boric acid, sodium chloride is
decomposed, with liberation of hydrochloric acid and formation
of a silicate or borate. It has been proposed to utilize the
former of these reactions for the manufacture of carbonate of
soda, but without practical success. Sulphuric acid decomposes
it, hydrochloric acid, and hydrogen sodium sulphate being formed.

According to the experiments of Poggiale,! one hundred parts
of water dissolve the following quantities of sodium chloride at
the corresponding temperatures :—

Temp. 0° 5° 14> 25 40° 60° 80° 100° 109°7
NaCl. 55 2 3563 35-87 3613 3664 3725 3822 3916 4035

Hence sodium chloride is not, as was formerly supposed to be
the case, equally soluble in cold and in hot water. The specific
gravity of salt solutions of different strengths is, according to
Gerlach,? as follows :—

Percentage of NaCl. 5 10 15 20 25
Specific Gravity at 15°. 103624 107335 111146 1-15107 1-19228

Drine containing 26-27 parts of salt in 100 boils at 1088
- when the thermometer is placed in the liquid (Guthrie).

Chloride of sodium dissolves in aqueons alcohol, although
nearly insoluble in absolute alcohol; the solubility increases in
this case regularly with the temperature.

When the temperature of a saturated solution of sodium
chloride is lowered to — 10° a crystalline hydrate separates out®
having the composition NaCl + 2H,0. When brine is further
cooled to — 22° acicular bundles of crystals separate out. These

1 Ann. Chim. Phys. [3], viii. 469.
2 Gerlach, Zeitschr. Analyt. Chem. viii 279,
3 Lowitz, Crell. Ann. 1798, i. 314.
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when remelted at different times, show that the cryohvdrate
NaCl + 10H,0 is formed ((Jutlme)l

Ekman in hlS investigation 2 on the composition of sea-water
found that the amount of sodium chloride in sea-water can be
obtained by a simple calculation if the specific gravity of the
brine at 15° be given. For this purpose it is only necessary
to multiply the four first decimals of the specific gravity with
the number 0'013. Thus a specific gravity of 10166 gives a
percentage of 216 of NaCl, a number closely agreeing with that
obtained from Gerlach’s tables.

68 Sodium Bromide, NaBr, and Sodium Iodide, Nal, are pre-
pared by processes similar to those employed in the case of the
correspouding potassium salts. Like these latter the sodium
salts crystallize from their hot concentrated solutions in an-
hydrous cubes, whilst if the solutions be allowed to evaporate
at the ordinary temperature, monoclinic prisms are deposited.
These contain two molecules of water of crystallization and
are isomorphous with the corresponding liydrate of sodium
chloride.

Sodium Hypochlorite, NaOCL This compound is only known
mixed with sodium chloride, in the lijuid obtained by passing
chlorine into a solution of caustic soda. This was formerly
known as chloride of soda or Labarraque’s liquor.

Sodium Chlorate, NaClO,. This salt is obtained by neutral-
ising carbonate of soda with aqueous chloric acid, or by boiling
nine parts of chlorate of potash with seven parts of sodinmn
silico-fluoride. Sodium chlorate crystallizes iu regular tetrahe-
drons, the solution depositing large crystals on cooling. This salt is
much more soluble than the corresponding potassium compound.
According to Kremers, 100 parts of water dissolve at

0° 20°  40° 60° 80° 1000  120°
Parts of NaClO, 819 99 1235 1471 1756 2326 3333

The specific gravity of the solutions is as follows :—

Percentage 10 15 20 25 30 35
Specific Gravity 1070 1108 1147 1190 1235 1282

It is also soluble in alcohol. Owing to its great solubility
chlorate of soda is now manufactured for the use of the calico-
printer in the production of aniline black.

1 Phil. Mag. [4], xlix. 9. * Ber. Deutsch. Chem. Ges, iv. T49.



SODIUM HYPOSULPHITE. 115

This salt when heated evolves but little oxygen (Schlossing),
and a mixture of sodinm chloride and sodium perchlorate, NaClO,,
is formed. This last salt is extremely soluble in water, and
crystallizes in deliquescent tables (Serullas).

69 Sodiwm Hyposulphite, NaHSO,. For the purpose of pre-
paring this salt a concentrated solution of acid sulphite of
sodium placed in a well-corked bottle is brought into contact
with zinc turnings or clippings. The mixture is kept cool and
the materials allowed to remain in contact for about half an
hour. A white precipitate of zinc sodium sulphite is then
deposited, and the clear solution must be poured off into three
times its volume of strong alcohol. A bottle is then completely
filled with this alcoholic liquid and tightly corked. A second
crop of crystals of the last-named salt soon begins to separate
out, and as soon as this has deposited, the liquid is again
poured off into bottles which are filled and corked as before
and then allowed to stand for some hours in a cool place.
Sodinm hyposulphite soon separates out in the form of fine
needle-shaped crystals, which must be quickly pressed between
folds of blotting-paper and dried in a vacunm. The salt thus
obtained generally contains some zinc sulphite, although pure
enough for most purposes. It can be purified by solution in
water and reprecipitation by the addition of aleohol.

Sodium hyposulphite is now used by the dyer and calico-
printer as a reducing agent for indigo, and it is also used in
the laboratory for the purpose of estimating free oxygen or the
quantity of that element contained in substances which easily
evolve oxygen.

A solution of this salt can readily be obtained for laboratory
purposes by digesting zine eclippings for half an hour with a
solution of 100 grams of hydrogen sodium sulphite having a
specific gravity of 1245, air being excluded from the solution.
It must then be diluted with one liter of water, and 20 grams
of caustic lime added in the form of milk. This precipitates
the zinc oxide and calcium sulphite, and the clear solution is
filled into bottles which are well corked and kept with their
necks under water.

70 Normal Sodium Sulphite, Na,SOs. The anhydrous salt is
obtained by heating a cold saturated aqueous solution of the
hydrated salt. The hydrate containing seven molecules of
water is obtained by saturating a solution of sodinm carbonate
with sulphur dioxide and then adding the same quantity of
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sodium carbonate. The crystals which are deposited from this
solution are transparent, and form prisms belonging to the
monoclinic system. They dissolve slightly in aqueous alcohol,
and when heated to 150° lose the whole of the water. The
solution has an alkaline reaction and a sharp taste.

Crystals of the hydrate, Na,SO; + 10H,0, are obtained,
according to Muspratt, by allowing the aqueous solution to
evaporate over sulphuric acid.

Hydrogen Sodium Sulphite, NaHSO,. If a solution of sodium
carbonate be saturated whilst cold with sulphur dioxide, this
salt separates out in turbid erystals, and alcohol precipitates
it from its aqueous solution as a white powder. It has an
acid reaction, smells of sulphurous acid, and has an unpleasant
sulphurous taste.

Sodium Disulphile, Na,S,0;, is a white soluble salt, obtained
in a similar manuer to the corresponding potassium com-
pound. i

71 Normal Sodiwm Sulphate, Na,SO,. This compound is com-
monly known in the anhydrous state by the commercial name
of Salt-cake, whilst the hydrate, Na,SO, + 10H,0, is called
Glauber’s salt. We find the first mention of this salt in
Glauber’s work De maturd salium, published in 1658. He
obtained it as the residue left in the preparation of hydro-
chloric acid by the action of oil of vitriol upon common salt,
and believed this simple aperient to be possessed of most
valuable medicinal properties, whence it came to be known
as Sal mirabile Qlavbert.

The salt occurs native in the anhydrous condition as thénar-
dite, and in solution in sea-water and in the water of salt-
lakes, as well as in large quantities in certain mineral springs.
Thus the water at Friedrichshall contains large quantities of
this salt, which since 1767 has been obtained by evaporation
and used in medicine as Sal eperitivum Fridericianum. A
native compound of sodium sulphate with calcium sulphate
termed glauberite is also found in several localities.

Sulphate of soda is prepared on an enormous scale as salt-
cake, the first step in the manufacture of carbonate of soda,
no less than 700,000 tons having been producéd in the year
1876 in the United Kingdom. For this purpose common salt is
decomposed either by sulphuric acid or by the combined action
of sulphur dioxide, air, and aqueous vapour. The details of
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these proeesses will be deseribed under the head of the soda
manufacture.

Sulphate of sodium is also obtained as a residue in many
chemical operations, especially in the preparation of nitric aeid
from Chili saltpetre in the sulphuric acid manufacture.

If ordinary Glauber’s salt be allowed to remain exposed to the
air, or more quickly if heated, the anhydrous salt is obtained,
and if a solution of Glauber’s salt saturated at about 35° be
slightly heated, rhombic crystals of the anhydrous salt separate
out. These are identiecal in form with crystals of thénardite, and
isomorphous with those of silver sulphate, Ag,SO,. Sodium
sulphate possesses a saline bitter taste, has a neutral reaction, and
does not dissolve in alcohol. When heated on charcoal before
the blowpipe, sodium sulphide is formed. The specifie gravity of
the solid salt after fusion at a red heat is 2:6313.

72 Hydrated Sodivm Sulphate. The deca-hydrate, Na,SO, +
10H,0, commonly known as Glauber’s
salt, crystallizes from aqueous solution
at the ordinary temperature in large ﬁé—
colourless monoelinic prisms (Fig. 13),
whieh are isomorphous with chromate Qgﬂ
and selenate of sodium. These crystals
effloresce on exposure to dry air, they Frc. 13.
melt in their water of crystallization at -

337, "and lose the whole of it below 100°. One hundred parts
of water dissolve the following quantities of the anhydrous
salt :—
At 0° 100 20° 30° 34° 40°
Na,80, 502 900 1940 4000 5500 488
At50°  60°  70°  80°  90°  100° 108™5
Na,SO, 467 453 444 437 431 425 422

From these numbers it is seen that a maximum of solubility
oceurs about 34°. Above this point the deea-hydrate begins
to decompose and the anhydrous salt is formed, and the
solubility of this is less at high than at low temperatures.
According to Loewy, sodium sulphate can dissolve in three
conditions, in water, either as the deca- or hepta-hydrate, or as
the anhydrous salt. The saturated solution boils at 103°:5.
Glauber’s salt readily forms supersaturated solutions. These
crystallize suddenly, when a small crystal of the salt is thrown
into the liquid, or when the solution is cooled down to — 8
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This rapid solidification is accompanied by a considerable rise of
temperature.

The Hepta-Hydrated Sait, Na,SO, 4+ 7TH,0, is deposited in hard,
clear, thombic crystals when a supersaturated solution of the
deca-hydrate is allowed to cool below 12°, or when such a
solution is covered with a layer of warm alcoho! of specific
gravity 0-835.

73 Hydrogen Sodium Sulphate, NaHSO,. This salt, commonly
known as bisulphate of soda, is obtained in large triclinic prisms
when equivalent quantities of sodium sulphate and sulphuric
acid are dissolved in water and the solution evaporated at a
temperature above 50°. Like the corresponding potassium salt
it is decomposed by alcohol at once into sulphuric acid and the
normal salt. A hydrated salt, NaHSO, + 2H,0, is also known.

Sodiwm Disulphate, Na,S,0,, is formed by heating sulphur
trioxide together with common salt (Rosenstiel) :—

2NaCl + 380, = Na,8,0, + S0,Cl,.

The same compound is formed by the gentle ignition of acid
sodium sulphate. 'When more strongly heated, it yields sulphur
trioxide and normal sulphate.

Sodiwm Thiosulphate, Na,S,0, + 5H,0. This salt, discovered
in 1799 by Chaussier, and better known by its old name of
hyposulphite of soda, is prepared on the large scale for use as
an antichlor in the paper manufacture, and as a solvent for
the unaltered silver chloride in photography. It is obtained
by boiling sulphur with soda-ley, and passing sulphur di-

b oxide into the yellow solution until it is
colourless, or by boiling sodium sulphite
with sulphur. A cheaper process is to de-
compose the soluble calcium thiosulphate
obtained by the oxidation of alkali-waste,
either by means of sodium carbonate or
sodium sulphate. The solution of sodium
thiosulphate is drawn off from the carbon-
ate or sulphate of calcium and evaporated

Fi. 14. down in iron paus.

Sodium thiosulphate forms large trans-
parent prisms belonging to the monoclinic system shown in Fig.
14. The salt is odourless, possesses & cooling taste, does not
give an alkaline reaction, nor does it undergo alteration in
the air. The crystals melt in their own water at 45°, and
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when heated to 215° all the water is driven off, whilst at 220°
they decompose with separation of sulphur (Pape). The salt
has a specific gravity of 1:672, is very soluble in water, but does
not dissolve in aleohol.

The aqueous solution cannot be preserved for any length of
time without decomposition, as it deposits sulphur and is
partially converted into sulphate. Sodium thiosulphate is repre-

sented by the formula SO, gllgi

When treated with sodium amalgam it yields sodium sulphite
and sodium sulphide :—

Na,S,0, + Na, = Na,SO, + Na,S.

74 Sodium Nitrate, NaNO, This salt, commonly known as
cubic saltpetre or Chili saltpetre, is of special historical interest
as it was by the examination of differences in crystalline form
exhibited by this compound and ordinary nitre that the distinc-
tion between the alkalis potash and soda was first observed
by Bohn in 1683. Boyle, somewhat later, noticed that cubic
saltpetre was formed in the preparation of aqua regia from
common salt and nitric acid, and Stahl first pointed out the
distinet character of the alkali-basis of common salt, and fully
described the preparation of cubic saltpetre.

Sodinm nitrate occurs in nature as a wide-spread deposit in
the rainless distriets of South Pern and Bolivia. In these beds
it is associated with common salt, gypsum, and sodium sulphate,
the crude material containing from 27 to 65 per cent. of the pure
salt. This is purified by solution and crystallization. After re-
fining, the salt contains about 977 per cent. of pure nitrate, 1-84
of sodium chloride, 0-35 of sodium sulphate, and 0-11 of water.

The best mode of separating out the last 2 per cent. of
sodium chloride is to add to the boiling and saturated solution
one-tenth of its weight of nitric acid, stir it until cool, and
collect the precipitated nitrate, which may then be washed by
a dilute acid and afterwards dried.

Sodium nitrate crystallizes in obtuse rhombohedrons, whose
interfacial terminal edge angle is 106° 36’ (Fig. 15), and is there
fore isomorphous with cale-spar. The isomorphism of these two
salts can be clearly shown by suspending a crystal of cale-spar
in a saturated solution of sodium nitrate, when the crystal will
increase in size from the deposition of the latter salt? According

1 Sénarmont, Comptes Rendus, xxxviii. 105.
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to the view formerly held, viz, that salts are formed by the
union of an acid with a basic oxide, this isomorphism could not
be explained, since the two salts must then be assumed to have
a different constitution, the one being N,O, + Na,O, and the
other CO, + CaO. This difficulty is
removed when we employ the formule
now in use, viz, CaCO, and NaNO,,
which contain the same number of
atoms in the molecule.
The specific gravity of the salt is
2:26. It melts without decomposition
Fio, 15, at 310™5 (Person), 330° (Carnelley), and
when ignited undergoes decomposition
with evolution of oxygen, nitrogen and nitrous fumes. It is
very soluble in water, and deliquesces when exposed to mioist
air. 100 parts of water dissolve :—

At-6°. 0°  10°  20° 40° 60° 80° 100° 111°
Parts 638 729 808 875 102 122 148 180 200

This salt also dissolves in alecohol. 100 parts of spirit, contain-
ing 614 per cent. of alcohol, dissolve at 26° 21-2 parts of sodinin
nitrate. It does not deflagrate so violently as nitre with
charcoal or other inflammable bodies, but it has sometimes been
used for making blasting and other powders which are not
required to fire quickly.

Sodium nitrate is largely used in the manufacture of nitric acid
as it is much cheaper than nitre ; it is also employed as an ingredi-
ent in artificial manures and especially as a top-dressing for barley.

Sodium Hypophosphite, NaH,PO,+H,0. This salt is obtained
by adding sodium carbonate to a solution of calcium hypo-
phesphite, and allowing the solution to evaporate in a vacuum.
Pearly tabular crystals are deposited, which deliquesce on expo-
sure to the air, and are easily soluble in absolute alcohol. It is
now employed in medicine for the same purposes as phosphorus.

w5 Sodium Phosphates. These well-defined salts exhibit clearly
the characteristic properties of phosphoric acid. From Graham’s
researches we first learnt that phosphoric acid exists in three
modifications :—

OrthopLosplioric Acid.  Pyrophosphoric Acid. Metaphosphoric Acid.
H,PO, H,P,0, HPO,
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Each of these can be counverted into either of the other com-
pounds, and to each corresponds a series of salts, viz.;—tribasic
orthophosphates, tetrabasic pyrophosphates, and mouobasic
meta-phosphates. As the acids, so the salts of one series can be
transformed into those of another series,

Sodium  Qrthophosphates. As orthophosphoric is a tribasic
acid, three sodium salts exist according as one, two, or three
atoms of the hydrogen in the acid are replaced by metal :—

‘(1) Trisodium or normal sodium orthophosphate, Na,PO, +
12H,0.

{2) Hydrogen disodium orthophosphate, Na,HPO, + 121,0.

3) thydrogen sodium orthophosphate, NaH,PO, + 4H,0.
These all give yellow precipitatés of trisilver phmphate, Ag, PO
when their solutions are brought into contact with silver nitrate.

Normal Sodium Orthophosphate, Na,PO, —This salt, first de-
scribed by Thomson? as phospho-carbonate of soda, is prepared
by adding at least half as much caustic soda as it already con-
taius to a solution of the next salt, common phosphate of soda,
and evaporating to the point of crystallization. The hydrated
salt crystallizes out, the mother-liquid retaining only the ex-
cess of caustic soda. The crystals freed from the liquor are
rapidly dissolved in twice their weight of hot water, the liquid
filtered, and then left to crystallize (Graham). The anhydrous
salt may be obtained by fusing common phosphate of soda,
or pyrophosphate, with an excess of carbonate of soda. The
pyrophosphate is not altered by boiling with caustic soda
(Graham).

The crystals, which contain 12 molecules of water, form thin
six-sided prisms, which do not change on exposure to air, and
have a specific gravity of 1'618. They melt at 767, and at 100°
lose all but one molecule of water, which is given off at a red-
heat. 100 parts of water at 15°5 dissolve 196 parts of the salt.

Nitrate of silver produces a yellow precipitate of trisilver
phosphate :—

Na,PO, + 3AgNO, = Ag;PO, + 3Na,NO,,

ITydrogen Di-Sodivm Orthophosphate, Na,JIPO,. Thissalt is
the common phosphate of soda, which was first prepared from
urine, and described in 1740 by Haupt under the name of sal 7
rabile perlatum. Tt was afterwards obtained by neutralizing phos-
phoric acid with soda,and in 1787 was introduced asa medicine by

1 Ann. Phil, xxvi. 381,
58



122 ALKALI METALS.

Pearson. It occurs in the blood of animals, and especially in the
urine of the carnivora. It is best prepared from bone phos-
phoric acid by adding carbonate of soda so long as effervescence
occurs, The precipitated phosphates of calcium and magnesium
are then filtered off, and the liquid boiled
down and allowed to crystallize. The
large transparent crystals which deposit
are monoclinic prisms (Fig. 16) contain-
ing 12 molecules of water of crystalliza-
tion. They have a specific gravity of
1525, and melt at 35° and are isvmor-
phous with the corresponding sodium
hydrogen arsenate Na,HAsO,+ 12H,0.
Exposed to air the erystals effloresce, but
do not lose their form; and when dried
over sulphuric acid at the ordinary tem-

Fic. 16, perature, or when gently heated to 45° .-

they lose all their water of erystallization.
The following is the solubility of this salt in 100 parts of

water :—!

At J0% L1038 FD0 NI 0 R (E RN 02 60° 70"
INa;HBO): 72-3'553:9 = 59:3 B2 INEEG 810 SR 26 ERE0N 165 050
80° 90° 99°

96:6' ~ '97:8, 1598:8!

The saturated solution freezes at — 0°45, and boils at 105°,

This salt is insoluble in aleohol ; it possesses a cooling saline
taste, and turns red litmus solution blue. When brought into
contact with nitrate of silver solution, a yellow precipitate of
vellow trisilver phosphate is thrown down, and the solution
becomes acid from liberation of one-third of the nitric acid
(Clark) .—

Na,HPO, + 3AgNO; = Ag,PO, + 2NaNO, + HNO,,

Common phosphate of soda is used as a mild purgative, The
commercial salt frequently contains sulphate of soda as an
impurity. This can be removed by recrystallizing the phosphate
from hot water.

Di-hydrogen Sodium Phosphate, NaH,PO,. To prepare this salt
phosphoric acid is added to a solution of common phosphate of
soda, until the-mixture no longer precipitates ehloride of barium.

1 Mulder, Schcidekund. Vcrhand.v1864, p- 100.
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It is.then evaporated to small bulk, and allowed to stand for
some days to crystallize (Mitscherlich). This salt is dimor-
phous; two kinds of large transparent erystals separate out,
both of which belong to the rhombic system, and contain 4
molecules of water, but which are distinguished by difference
in the lengths of their axes.

The erystals have an acid reaction, and a specific gravity of
2:04. They lose all their water of crystallization at 100° and
at 204° lose one molecule of constitutional water (Graham) w 1th
formation of acid pyrophosphate :—

2NaH,PO, = Na,IL,P,0, + I,0.

At 240° they give off the whole of their water and form mono-
metaphosphate :—

NaH,PO, = NaPO, + H,0.

Di-hydrogen sodium phosphate is very soluble in water, but
not inalecohol. Silver nitrate produces a yellow precipitate of tri-
silver phosphate, and two-thirds of the nitric acid is liberated :—

NaH,PO, + 3AgNO, = Ag,PO, + NaNO, + 2HNO,

Sodivm Pyrophosphates. These salts are tetrabasic. They give
white precipitates with silver nitrate of silver pyrophosphate,
AgiP,0, They do not coagulate albumin. Their solutions
when boiled with an acid, yield tribasic salts.

Normal Sodinm Pyrophosphate, Na,P,0; + 10H,0. This salt
is obtained in the anhydrous state as a colourless glassy mass
by igniting the common phosphate of soda. When it is dissolved
in water, and the solution evaporated, crystals of the deca-
hydrate are deposited in monoclinic prisms. The solution
has an alkaline reaction. It is not converted into ortho-salt by
Loiling alone, but this conversion takes place rapidly on addition
of an acid, even acetic, to the boiling solution (Stromeyer).
‘When gently heated, or exposed over sulphuric acid in a vacuum,
it loses all its water. 100 parts of water dissolve the deca-
hydrate as follows :—

RO 5 e BT ST T 0575 A IR (11

541 681 1092 1811 2497 3325 4407 6340 9311

Di-hydrogen Sodium Pyrophosphate, Na,H,P,0,. This salt is
prepared by heating the common tribasic phosphate to 150° with
strong hydrochloric acid, or by heating the tribasic di-hydrogen
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salt to a temperature offrom 190° to2 04°, when it loses two
molecules of water (Graham). It may also be prepared by dis-
solving the normal pyrophosphate in acetic acid and precipi-
tating by alcohol. It is thus obtained as a whilo crystalline
powder, easily soluble in: water. The solution has an acid
reaction.

Sodium Metaphosphates. These salts, which were first dis-
covered by Graham, are monobasic, and are remarkable as
existing in several polymeric modifications possessing very
different properties. With silver nitrate, their solutions give
white precipitates of silver metaphosphate, AgPO;. They are
distinguished from the pyrophosphates inasmuch as they yield
a white precipitate with albumin. They do not give a yel-
low precipitate with molybdate of ammonia until an ortho-
phosphate is formed by the presence of free nitric acid. The
sodium 1netaphosphates are as a rule soluble in water; the
mono-metaphosphate, discovered by Maddrell, is an exception
to this rule, as it does not dissolve in water.

Sodium Monometaphosphate, NaPO,, is always formed when
caustic soda is strongly heated with a slight excess of phos-
phoric acid.r It is likewise obtained by heating the di-hydrogen
orthophosphate for some minutes to redness; the residue is for
the most part insoluble, and consists of monometaphosphate
(Graham). When two parts of nitrate of sodium are fused with
one part of syrupy phosphoric acid, a dense white powder is left on
washing the fused mass with water. This salt, though insoluble
in water, is soluble in acids, and on boiling with caustic soda it
is transformed into the orthophosphate (Maddrell).2

Sodium Dimetaphosphate, Na,P,0g + 2H,0. This salt is ob-
tained by decomposing copper di-metaphosphate with a boiliug
solution of sodium sulphide. One part of this salt dissolves in
7'2 parts of water, and crystallizes in fine needles. This meta-
phosphate possesses a strong tendency to form double salts.
Thus a salt having the following composition, NaKP,0,, H,0,
is obtained when the mixed solutions of the simple salts are
crystallized.?

Sodium, Trimetaphosphate, Na,Py0,4-6H,0. This salt is some-
times termed the crystallizable metaphosphate. It is prepared,
according to Graham, by exposing microcosmic salt, Na(NH,)
HPO, + 4H,0, to a moderate heat, or, according to Fleitmann

1 Fleitmann, Pogg. Ann. Ixxviii. 361. 2 Chem. Soc. Jowrn. iii. 873.
3 Fleitmann, Pogg. Ann. 1xxviii 246.
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and Henneberg,! by allowing the fused salt to cool slowly. Fine
crystals may be obtained by allowing the concentrated solution
to evaporate spontaneously in a shallow vessel. They form
triclinic prisms which dissolve in 45 parts of cold water. The
solution in cold water is permanent and is neutral, but on boiling
it soon becomes acid from formation of the hydrogen ortho-
phosphate.

Sodivm Tetrametaphosphate, Na,0,P,0, +4H,0. Prepared by
decomposing the corresponding lead salt with sodium sulphide.
The sodium salt forms a thick gum-like solution which filters
with difficulty. On evaporation a transparent colloidal mass is
obtained. When heated it is converted into the next salt.

Sodivm Hexametaphosphate, Na0,P0,,. This, often called
deliquescent, vitreous, or Graham’s metaphosphate, is prepared
by fusing either the di-hydrogen orthophosphate or microcosmic
salt. The melted mass must be quickly cooled, as if cooled slowly
trimetaphosphate may be formed. This dissolves easily in water;
the solution possesses a slightly acid reaction, and if evaporated
at 38° leaves a gummy mass, The aqueous solution does not
undergo any change, even when boiled with caustic soda.
Sodium hexametaphosphate is very readily soluble in alcohol.?

76 Sodium Arsenates. These salts closely resemble the corre-
sponding phosphates. An impure arsenate of sodium is prepared
on the large scale by dissolving arseunic trioxide in caustic soda,
and adding sodium nitrate. The solution is boiled down, and the
residual mass heated in a furnace until it appears to be per-
fectly dry. This product is largely used in calico-printing as a
substitute for cow-dung, which was formerly employed in clearing
the cloth after mordanting. The mordant consists of a solution
of acetate either of aluminium or iron, and the cloth, after having
been printed with these mordants, is hung up and exposed to
air. In this, which is termed the ageing process, a portion of
the acetic acid evaporates, leaving basic acetates of iron and
aluminium firmly attached to the fibre of the cloth. = A portion
of these salts is, however, mixed up with the thickening or
starch which must be added to the mordant in order, that the
impression shall be clear. To remove this excess of unfixed
mordant, the cloth is subjected to a peculiar. treatment
termed the dunging process. For this purpose it will not answer
merely to wash the eloth in pure water, because the soluble

1 Ann, Chem, Pharm. 1xv. 307. 3 Graham, Phil. Trans. 1833.
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portion of the mordant is then removed from the printed
pattern, but attaches itself again to the unmordanted cloth,
which it is intended should remain white. Long ago it was
observed by the native dyers and calico-printers in India that
if cow-dung be added to the washwater the excess of mordant
can be removed without any staining of the cloth occurring.
The action of the cow-dung in this process has not yet been
satisfactorily explained, but experience has shown that sodium
arsenate solution acts in a similar way, and at the present time
the old process is generally superseded by the use of what is
known in the trade as “ dung substitute.”

BORATES OF SODIUM.

Sodiwm Orthoborate, Na;BO,.  When boron trioxide is fused
with excess of caustic soda, three molecules of water are expelled
and the above salt remains :—*

B,0, + 6NaOH = 2Na B0, + 3H,0.

This salt is very unstable, indeed it cannot exist in solution,
for when dissolved in water it is transtormed into a hydrated
metaborate. :

Sodium Pyroborate, or Borar, Na,B,0;. The history of this
the most important of the borates is lost in obscurity. It has
already been stated under boron? that in the Latin translation of
Geber’s works the word borax or baurach occurs, but whether
or not this indicated the substance which we now call by that
name is a mere matter of speculation. Even up to the end of the
seventeenth century nothing certain was known either as to the
source or the composition of borax, which was used as a flux, and
which was early brought into European markets by the Vene-
tians. It was not until 1747 that an exact knowledge of its
composition was arrived at, when Baron pointed out that borax
consists of a compound of boric acid (then called sedative salt)
and soda. This salt exists combined with five and with ten
molecules of water as well as in the anhydrous state. The
decahydrate Na,B,0, + 10H,0, is found native, as tincal, in
several localities, especially in Thibet, California, and Peru.
Before the discovery of the boric acid lagoons, the whole of the
borax of commerce was obtained, at Venice and Amsterdam,
from Asiatic tincal, which was refined by a simple process long

1 Bloxam, Journ. Chem. Soc. xiv. 143. 3 Vol. L. p. 541.



SODIUM BORATES, 127

kept secret. This consisted in recrystallizing the crude salt
atter washing and boiling it with lime or caustic soda, for the
purpose of removing the greasy matters with which the tincal,
for some purpose or other, is usually covered.!

The greater part of the borax mow used is made by fusing or
boiling the ecrude Tuscan boric acid with half its weight of
soda-ash, Na,CO,. In F¥rance it is usual to Doil the two
substances together and allow the borax to crystallize. In
England the mixture of boric acid and soda-ash is ealeined in
a reverberatory furnace. The fused 1mnass is then lixiviated with
warm water in iron pans, and the bovax allowed to crystallize.

Another source of borax is the mineral boronatrocalcite,
Na,B,0; + 2 CaB,0, + 18 H,0, termed in commerce borate of
lime or “tiza,” found in the nitrate of soda beds in South
America, and in the massive condition in Nevada. The mineral
is decomposed with hydrochloric acid and the liberated boric
acid treated as above.

Much borax is also obtained from the borax lake in California.
One pound of crystallized borax is contained in thirteen gallons
of this water. Large deposits of crystallized borax occur at the
bottom of the lake, and in its neighbourhood is a spring which
contains 103 grains of borax per gallon.

Anhydrous Borax or Borax Glass is best obtained on the small
scale by fusing 124 parts of crystallized boric acid with 53
parts of dry carbonate of soda. A transparent glass is thus
obtained having a specific gravity of 2367, which becomes
opaque on exposure to air from absorption of water.

Fused borax glass dissolves many metallic oxides which
impart their peculiar colours to the glass. Hence this sub-
stance is largely used in blowpipe analysis, and also in the
arts for preparing a clean metallic surface for soldering metals.

This amorphous or glassy borax is readily soluble in water,
but insoluble in alecohol. It forms two important hydrates.

Octohedral Borox, Na,B,0,+ 5H,0. This salt is deposited
when a supersaturated borax solution is allowed to evaporate
spontaneously in a warm place. This solution is prepared by
dissolving three parts of the decahydrate (common borax) in
four parts of warm water. Another plan is to dissolve borax in
boiling water until the specific gravity of the solution rises to
1:246, and then allow the solution to cool. The crystallization

1 New Analysis of Tineal, by Vohl, Wagn. Jakrb. xvii. 322.
2 Campbell, Chem. News, 1870, p. 40,
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of octohedral borax begins when the temperature reaches 79°,
and continues until it sinks to 56° after which commeon borax
deposits. The crystals are hard transparent regular octohedrons,
having a specific gravity of 1-815.

Common, or Prismatic Borax, Na,B,0; + 10H,0. Anhydrous
borax when exposed to moist air absorbs ten molecules of water
and forms this salt. The decahydrate is deposited froia solutions
at all temperatures below 56°, in the form of large transparent
monoclinic prisms (Fig. 17), which have a specific gravity of
1-71. When heated in the air the crystals swell up, losing their
water and forming a spongy mass called boraz wusta, or burnt
borax. The crystalline form of natural Dborax is shown in
Fig. 18. A

Fre. 18,

The impurities usually found in commercial borax are car-
bonate of soda, traces of the sulphates and chlorides of the
alkali-metals, and salts of magnesium and calcinum. Sometimes
it is adulterated with alum and comn:on salt. Pure borax gives
no effervescence with acids, and dissolves in two parts of hot
water. The solution is not rendered turbid on addition of alkali,
and does not give a precipitate either with barium chloride or
silver nitrate. According to Poggiale! 100 parts of water
dissolve at—

o° 10° 20° 30° 40° 50°
283 465 7°88 1190 1790 2741
. 60° 70° 80° " 90° 100°
4043 5785 7619 11666 20143
parts of Na,B,0; + 10H,0.
1 Ann. Chir. Phys. (8] viii, 467.
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The aqueous solution has a slight alkaline reaction, the light
yellow colour of turmeric paper being turned brown by it.

Sodium Metaborate, NaBO, + 4H,0. This salt is formed
when borax is fused with the tequisite quantity of earbonate of
- soda. The fused mass when dissolved in water deposits mono-
clinic crystals having the above composition.

76 Silicates of Sodium. While when carbonate of potash and
silica are fused together, potassium metasilicate is always obtained,
if sodinm carbonate in excess be employed, sodium trisilicate,
Nag8i,0,, is formed, three molecules of silica liberating four
molecnles of carbon dioxide. If equal molecules of silica and
sodium carbonate be fused together, sodivmn metasilicate, Na,SiO,,
is obtained. This salt dissolves in water and on evaporation
the solution deposits crystals of a hydrated salt, which contain
seven molecules of water.!

Sodium Tetrasilicate. Na,Si,0,. Commonly known as sili-
cate of soda or soluble glass. It is prepared by heating
together 180 parts -of white sand, 100 of calcined soda-ash,
and 3 of charcoal in a reverberatory furnace. Another method
consists in dissolving powdered flint under pressure in a hot con-
centrated solution of caustic soda. Prepared by the first method
it forms a transparent glassy mass, sometimes colourless, but
generally of a yellow, brown, or green eolour, which when
powdered readily dissolves in boiling water to form a thick
viseid liquid. Silicate of soda is employed in fixing fresco
colours by the process of stereochromy. It is Also employed
as a cenient in the manufacture of artificial stone. This is
made by mixing the solution with sand and lime; it is like-
wise used as a cement for joining the broken surfaces of por-
celain, stone, &e. Another purpose for which soluble glass is
employed is as an addition to soap. The so-called silicated
soap, first introduced by Mr. William Gossage, is now prepared
in large quantities by adding a solution of this compound to the
soap whilst setting.

Sodium Silico- ﬁuomde \Ta,SlF , is prepared in a similar way
to the potassium compound, and is very similar to this latter
salt; 100 parts of water dissolve at 17°3, 00632 parts of the

salt, and at 101°, 2459 parts (Stolba).

! Ycike, Phil. Trans. 1857, p. 540,
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CARBONATES OF SODIUM.

77 Normal Sodium Carbonate, Na,CO,, commonly known as
carbonate of soda, or soda-ash, is prepared on an enormous scale
as the chief product of the alkali manufacture, a most im-
portant branch of industry. Anhydrous sodium carbonate, or
soda-ash, is a white opaque porous mass, or a white powder, having
a specific gravity of 25, which fuses at a moderate red-heat
to a clear liquid, a small quantity of carbon dioxide being
liberated.  Sodium carbonate possesses an
alkaline taste and reaction, but less strongly
marked than potassium carbonate. When
brought into contact with water it combines
with the water, heat being evolved. If a
tolerably concentrated hot solution of car-
bonate of soda be allowed to cool, large
transparent moncelinic prismatic crystals are
deposited (Fig. 19). These are commonly
termed soda-erystals or washing soda, or the
decahydrate, and possess the formula Na,CO,
+ 10H,0, and have the spec. grav. 1+45.
These crystals dissolve in water with evolu-
tion of heat; they melt at 34°, with formation
of a second hydrate, Na,CO; + H,0. The decahydrate crystals
effloresce on exposure to air, forming a white powder of the
monohydrate. The decahydrate oceurs native, as natron, together
with the monohydrate, known as thermonatrite, in the soda-
lakes of Egypt and Hungary, and also at Vesuvius and Etna,
and various parts of Asia, Africa, and America..

The heptahydrate, Na,CO; + TH,0, crystallizes in thombohedra
when a warm saturated solution is allowed to cool in absence of
air. Several other hydrates are known. The formation and de-
composition of these various hydrates at different circumstances
of temperature cause a similar anomaly in the solubility of
sodium carbonate in water, as was noticed in the case of Glauber’s
salt. 100 parts of water dissolve at—

Fic. 19.

0o 100 - 200" 0o . 325°
Na,CO, 71 126 214 381 59 parts.

Above this last temperature the solubility of sodium carbonate
diminishes, so that between 32°and 79° a constant quantity, viz..
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462 parts, dissolve in 100 of water. At higher temperatures
the quantity dissolved is—

80° 90° 1000 105°
Na,00, 461 457 454 451

Commercial anhydrous carbonate of soda always contains
sodium chloride and sulphate, as well as caustic soda and
other impurities, Soda crystals are usually much purer, and
may be obtained perfectly free from impurity by repeated crys-
tallization.

Hydrogen Sodium Carbonate, HNaCO,. This salt, commonly
known as bicarbonate of soda, is likewise prepared on a large
scale. It occurs in commerce in the form of a white crys-
talline powder, or in crystalline crusts which consist of mono-
clinic tables. It possesses a faint alkaline taste, and dissolves
less readily in water than the normal salt. 100 parts of water
dissolve at—

0 100 200 30°  4o° 50°° 600 70°
HNaCO, 792 888 984 1080 1176 1272 1368 1464

A solution of the bicarbonate gives off carbon dioxide on
Toiling, ard the solid salt decomposes on ignition into carbon
dioxide, water and the normal salt :—

9HNaCO, = Na,CO; + H,0 + CO,

Commercial bicarbonate of soda almost always contains some
normal carbonate, and this may be removed by washing with
small quantities of water; but, on drying, the residual salt is
found again to contain some normal carbonate. A better method
is to moisten the washed salt with alcohol, and then to dry it
between folds of filter paper without application of heat. Even
then it undergoes partial decomposition, and contains about one
per cent. of the normal carbonate. In order to detect the
presence of the latter salt in the bicarbonate, 10 gram of the
salt under examination is mixed with 05 gram of mercurous
chloride and 1'5 gram of water. This mixture is shaken in a
stoppered bottle. If the normal salt bc absent  this mixture
remains white for twenty-four hours; if this impurity be pre-
sent, the liquid becomes of a more or less grey tint.!

Trona, or Urao, 18 a carbonate of soda occurring native in
Hungary, Egypt, Fezzan in Africa, India, and America. Itis a

! Hager, Anal. Zeitschr. ix. 531,
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compound of the normal with the bi-carbonate, and has the
formula Na,CO, + 2HNaCO; + 3H,0. This s the body to
: which the ancients gave the mname
nitrem. It oceurs in small monoclinic
'A crystals (Fig. 20), and it can be pre-
pared artificially by boiling a solution
Tre. 20. of bicarbonate of soda and then allowing

it to cool, when erystals of this salt separate.

THE ALKALI MANUFACTURE.

78 The history of the manufacture of carbonate of soda, or
soda-ash, from common salt is one of peculiar interest. Previous
to the year 1793 the whole of the carbonate of soda of commerce
was obtained from the ashes of sea-plants, called varec or kelp,
collected on the mnorth-west coasts of France, Irveland, and
Scotland. The quantity of alkali thus obtained from sea-plants
was, however, much less than that which came to Western
Europe from Russia and America in the form of potashes, the
characteristic alkali of land-plants.

One of the first effects of the French Revolution was to cut
off this supply of the latter alkali from France, and, therefore, to
diminish important manufactures dependent upon its use.
Under these circumstances the French Government of the
day issued an appeal to the French chemists urging the im-
portance of obtaining all the materials deposited in their own
country by nature, “so as to render vain the efforts and hatred
of despots;” and commanding all citizens who “have commenced
establishments or who have obtained patents for the mannfacture
of soda from common salt, to make known to the Convention the
locality of these establishments, the quantity of soda supplied
by them, and the quantity they can hereafter supply.” A
Commission was appointed to investigate this subject, and in
1794 they reported on thirteen different processes for the manu-
facture of soda-ash from corimon salt, the partienlars of which
had been submitted to them. The preference was given to the
operations devised by an apothecary of the name of Leblanc,
who had already erected a soda manufactory near Paris, which
had been at work for some time previously. The report gives
a full description of the various processes which constituted
Leblanc’s invention. These consisted of—

(1) The salt-cake process, or that of the decomposition of com-
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mon salt by means of sulphuric acid, and the consequent produc-
tion of sulphate of soda, with evolution of hydrochloric acid gas.

(2) The black-ash process, or that of the decomposition of the
sulphate of soda or salt-cake by means of chalk and coal, and
the consequent production of black-ash, consisting essentially of
a mixture of soluble carbonate of soda, (Na,CO,), and insoluble
calcium monosulphide (CaS).

(3) The separation of the constituents of the last product by
lixiviation with water and the preparation of the soluble car-
bonate of soda.

This process, elaborated by Leblanc before the French Revo-
lntion, is in fact that still employed in most alkali-works, and,
unlike most technical processes, has undergone no material
alteration. The Commissioners say in their report :—* Citizens
Leblane, Dizé, and Shée were the first who submitted to us
particulars of their process, and this was done with a noble
devotion to the public good” Their establishment had been
formed some time previously at Franciade; but the conse-
quences of the French Revolution and of the war which
followed baving deprived them of funds, the works were
suspended, and after the lapse of some time the manufactory
became a national establishment and was successfully at work
in the year 1794. The operations however did not proceed
satisfactorily, the quantity of soda. turned out was smaller than
had been expected, the manufacture was discontinued, and
Leblanc and his partners applied for and received assistance
from the English Government. It is sad to have to relate that
the man who thus originated a world-wide industry, and’ to
whom we owe cheap soap and cheap glass, did not benefit from
his discoveries, but died in a French asylum for paupers.

Other alkali works in France were ore successful than
Leblanc’s original manufactory. Several of these were situated
at Marseilles, the seat of the French soap trade, and conveniently
placed for obtaining three of the necessary raw materials; (1)
sulphur, imported from Sicily; (2) salt, obtained by the evapo-
ration of salt-water by the sun’s heat; (3) limestone ;—it was
however at the disadvantage of being at a distance from coal.

Although the process for making alkali was published in the
Annales de Chimie for the year 1797, it is remarkable that
seventeen years elapsed before this process was taken up in
England by Mr, Losh. This may be accounted for by the fact

that as war was then raging, communication between the two
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THE SALT-CAKE PROCESS.
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countrieswas almost
entirely cut off, but
perhaps especially

because of the high

war-duty on salt
which existed up to
the year 1823. The
difference in cost of
production is well
shown by the fact
that in 1814 soda
crystals cost 60Z per
ton, whilst in 1861
the price of the same
article was 44. 10s.
per ton.

79 (1.) The Salt-
cake Process—This
process is usually
commenced in large
cast-iron pots, and
completed in rever-
beratory furnaces or
roasters, shown in
section in Figs. 21,
22; in plan in Fig.
23; and in cross-
section in Fig. 24.
It consists of alarge
covered semi-circu-
lar iron pan, built in
the eentreof the fur-
naceand heated by a
fire underneath, and
of two roasters or re-
verberatory furnaces
heated by fires
placed one at each
end, on the hearths
of which furnaces
the salt is complete-
ly decomposed.
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The charge consists of 16 cwt. of common salt, which is placed in
the iron pan, and on to this the quantity of sulphuric acid necessary
completely to decompose it is run. This amounts to 1235 gallons,
or 1,800 1bs. of chamber acid having a specific gravity of 1'42,
Torrents of bydrochloric acid are then given off, the decomposition
which takes place being represented by the equation :

H,S0,+ NaCl = HNaSO, + HCL
This process lasts about one hour, and the temperature of the
mass rises to about 50°% All the hydrochloric acid which is thus

evolved passes directly from the pan into the Hydrochloric acid
condensing towers (Fig. 25). These towers are often 50 or 60

Fic.' 24.

feet in height, and are usually built of Yorkshire flag clamped
together with iron, the joints being rendererl gas-tight by a cord
of vulcanized rubber. The acid vapours enter the first tower
direct from the salt-cake pan ; and in passing up this tower, which,
is either filled with piled bricks or with hard coke, it meets with
a descending current of water supplied from the cistern at the top.
The strongly acid liquors flow away by a pipe at the bottom of
the tower, and are stored by the manufacturer for subsequent use.
Any hydrochloric acid vapours unabsorbed in the tower pass down
a brick tunnel into the second tower, which they ascend and meet
another current of falling water. When the vapours reach
the top of this tower they ought to be perfectly free from
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hydrochloric acid gas, and are then allowed to pass away into
the chimney.

g
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After the mixture has been heated for about an hour in the
salt-cake pan and has become solid, it is raked on to the hearth
of one of the furnaces or roasters at each side of the decomposing
san. Here tbe hot air and flame from the fire at the end complete
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the decomposition into sodium sulphate and hydrochlorie
acid :

NaHSO0, + NaCl = Na,80, + HOL

The acid vapours here evolved pass, together with the pro-
ducts of combustion of the fire, into the same condensers as the
pan-acid, and there are all condensed to liquid. As soon as
the decomposition is complete the salt-cake is withdrawn
from the furnace and kept for the subsequent process. Ten of
the above charges are usually drawn in one day, so that 8 tons
of salt, and about the same weight of oil of vitriol, are used,
whilst nearly 5 tons of gaseous-hydrochloric acid and nearly 20
tons of salt-cake are formed. The following is a complete
analysis of an average sample of commercial salt-cake :—

COMPOSITION OF SALT-CAKE.

Normal sodium sulphate RO DT
Hydrogen sodium sulphate ... .. 1481
Sodinm chloride ... e 1354
Calcium sulphate i) 928
Ferric oxide and insoluble matters ... 0321

Water ... e 03l 37

4 99541

The furnaces just described are termed open roasters, in oppo-
sition to the second kind of salt-cake furnace to which the name
of close roasters is given. In the first kind all the acid vapours,
both the concentrated acid from the pan, and the roaster acid
which is much diluted with air and products of combustion, pass
into the same condenser. In this method of working it is diffi-
cult, therefore, to get a very strong acid, and much annoyance is
caused by the condensers becoming choked with soot and dust
from the fires.

Hence the second method is employed in many works., The
pan, as shown in A, Fig. 26, is built at the side of the roaster
instead of being placed in the centre, and the acid from the
first part of the decomposition, being concentrated and un-
mixed with air, passes by a long well-jointed earthenware
pipe into a condenser (¢, Fig. 20), where a saturated or
fuming aqueous hydrochloric acid is prepared, whilst the gases
from the roaster (B, Fig. 26) are separated from the products
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of combustion by inclosing the hearth of the furnace by a

|
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1=

five-brick arch, between which and the fop of the furnace the

26.

Fia.
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flames and hot air from the fire pass. Thus the salt-cake is
placed on the hearth of a kind of brick chamber or muflle (B),
Deing simply heated by radiation from the hot arch at the
other side of which the fire-gases pass, so that no soot or
dirt from the fire can be carried into the condensers, and these
do not become clogged or choked, and thus a more perfect
condensation is rendered possible; D shows the flue for carrying
away the fire-gases from the pan and roaster. But unfortunately
these advantages are not wholly unaccompanied by drawbacks,
which if not important for the manufacturer, are at least serious
to his neighbours. The arch separating the roaster-hearth from
the fire-gases cannot practically be kept gas-tight ; it is continu-
ally cracking from unequal expansion, and as soon as a crack
occurs, the hydrochloric acid gas is pulled or drawn by the draft

of the chimney through the crack, and thus passes up the chimney
where the pressure is somewhat less than that of the atmosphere,
and is delivered into the air, rather than passing through the con-
densers, where the pressure is somewhat greater than the atmo-
sphere. Thisis a fertile source of annoyance in the neighbourhood
of alkali-works. Several suggestions have been made with a view
of obviating this difficulty in the use of the closed roasters. One
of the most feasible and ingenious of the proposed schemes is
that patented by the late Mr. Deacon of Widnes. Figs. 27 and
28 show the construction of this furnace in section and in plan,
The fireplace is built contiguous to, but several feet below,
the brick chamber or mufile in which the acid gas is evolved.
It follows from this difference of level that there is a column of
heated gases several feet in height immediately over the fire-
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bars, and the upward movement of this heated and rarefied air
receives a check in going round the muffle, so that the ordinary
state of things is reversed, and the pressure in the flue round
the muftle is greater than that in the interior of the muffle, thus
altogether preventing any chance of escape of the acid vapours
from the muffle to the chimney, though allowing some of the
gaseous products of combustion to pass through the unavoidable
cracks into the interior of the muffle, but in snch small quantity
that they do not interfere at all with the successful working of
the condensation. In Fig. 28, B shows the position of the salt-
cake pot, and A is the flue carrying the products of combustion
to the chimney. It is probable that before long either this or
some similar salt cake furnace will come into general use.

Fic. 28.

We owe another valuable and quite recent improvement in
the salt-cake process to Messrs. Jones and Walsh of Middles-
borough. This consists in a mechanical arrangement by which
all hand-labour is dispensed with, and by which the whole
operation, from the mixing of the materials to the production of
the finished dry salt cake, is carried on in one large pan.

A third proposal, made by Messrs. Cammack and Walker,
seems to be based upon a more scientific view of the decompo-
sition than any of the former plans. When large masses of salt
and sulphuric acid are brought together, the reaction is at first
very violent, and torrents of hydrochloric acid gas are evolved.
The action however saon moderates : during the first ten minutes
the main quantity of acid has come off, and during the remaining
forty minutes needed to complete the reaction, probably only a
small quantity of gas enters the condensers. So that for ten
minutes the condensers have more work than they can properly
perform, whilst after that time they are underworked. Messrs.
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Cammack and Walker’s plan seeks to obviate these mconveniences
of all the old processes by sending in, at one end of the heated

space in which the reaction occurs, a constant stream of salt and

acid mixed in the right proportions, and drawing off at the other
end the finished salt-cake. Thus a never increasing and never
decreasing stream of hydrochloric acid is sent into the condensers
and a constant supply of the solid produet is furnished. In this
way the reaction can be most completely kept under control,
and all irregnlarities and therefore chances of escape of acid
vapours tigidly prevented. How far this plan can be practically
carried out remaius yet to be ascertained, but this appears to be
the most scientifically correct proposal yet made for the manu-
facture of salt-cake from sulphuric acid and common salt.
Another important process for manufacturing salt-cake is
that which from the name of the inventor is termed the
Hargreaves process. The object of this is to manufacture salt-cake
directly from salt, sulphur dioxide and water, so as altogether to
dispense with the manutacture of sulphuric acid; and it depends
upon the fact that althongh sulphur dioxide cannot by itself de-
compose salt, it is able to do so in the presence of oxygen and
water, if time enough be allowed. In order to effect this decom-

position, a series of large kilns or stoves, built of brick, are so -

arranged that each kiln can be put into communication with its
neighbour, and each heated by a fire. Each kiln is then filled with
dried and porous salt (NaCl), and the gases from the pyrites
burners led directly into these kilns one after the other. By care-
ful attention to temperature and to the quantity of air and steam
admitted with the sulphur dioxide, it is possible in this way to
decompose the salt into sulphate of soda (salt-cake) as perfectly
as when heated by the old process with sulphuric acid. The
chemical reaction is the same in both cases; hydrochloric acid
gas is given off from the Hargreaves’ kilns as from the ordinary
salt-cake pan or roaster and must in like manner be passed into
the condensers

2NaCl + SO, + H,0 + O = Na,80, + 2HCL

80 (2.) The Black-ash Process—The. theory of this process is
a simple one, so far as the chief products are concerned,
but it is complicated when we come to consider the mode of
formation of the many distinet compounds which make their
appearance in the course of the reaction.

The first chemical change which the salt-cake (Na,SO,)
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undergoes in its passage to carbonate of soda is the reduction to
sodium sulphide (Na,S), by heating it with slack, or powdered
coal; thus: ~

Na,SC, + C, = Na,S + 4CO.

e

TFic. 29.

The second change which occurs is the conversion of the
sodium sulphide into sodium carbonate (carbonate of soda), by

P07

Deeimiw 5 ©
holl il

heating it with chalk or limestone (calcium carbonate). The
reaction which then takes place is represented by the equation:

Na,S + CaCO, = Na,CO, + CaS.

. Fies. 81 Axp 32.

In practice these two reactions are carried on at the same
‘ime, a mixture of about 10 parts by weight of salt-cake, 10
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parts of limestone, and 74 parts of coal, being heated in a
reverberatory furnace, termed a balling-furnace. Fig. 29 shows
the elevation, and Figs. 30, 31, and 32, show longitudinal and

transverse sections of such a furnace. After exposure to the
reducing flame of this furnace for two hours the charge, con-
sisting of 43 cwt., is fluxed and fully decomposed, and then the
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liquid mass is seraped out into iron barrows or trucks and
zllowed te cool, and in this state is known as black-ash ball,
so called from the colour of the mass.

In place of the old black-ash furnace or balling-furnace in
which the reaction is completed by hand-labour, a new furnace,
termed a revolving black-ash furnace, is being now largely
employed, the general arrangement of which is shown in Fig. 33.
In this the mixing of the materials is effected mechanically. The
charge, usnally consisting of 30 cwt. of salt-cake, 32 of lime-
stone, and 20 of slack, is introduced by means of a hopper into
a large cylinder (B, Fig. 33), placed lLorizontally, through the
axes of which flames from a furnace (A) are allowed to pass; this

cylinder, worked by an engine (c, Fig. 34), revolves first at a slow
rate and afterwards with an increasing and maximum velacity of
five or six revolutions per minute. The cylinder is from 10 to 12
feet in diameter and from 15 to 18 feetlong. Fach charge takes
about two houys to work off, and when completed a door in the
side of the cylinder is opened and the fused mass allowed to
flow into iron trucks placed beneath it. It yields 10 balls, each
being a small truckful of black-ash, weighing 3 cwt. A more
complete form of the black-ash revolver is shown in Figs. 36
and 37. In this arrangement the revolver (¥) is fed with gas
from a Siemens’ gas-furnace, and the regenerators (Nx) for the
recovery of the waste heat are placed below the revolver.



CHARGES FOR BLACK-ASH. 147

The advantages which the revolving black-ash furnace has
over the hand-worked ones chiefly consist in the saving of
labour and in the production of a material which possesses a
more constant composition.

The following Table gives the charges, theoretical and practical,
of salt-cake, coal, and limestone used in various works:—

Brack-Asu CHARGES.

No. 1, Lancashire charge—
Lbs. practice. Lbs. theory.
Salt-cake ... 224 224
Limestone ... 224 158
Coal-dust ... 140 76

No. 2, Tyne charge—
Salt-cake ... 196 196
Limestome ... .o 252 138
Coal-dust ... 126 66

The following analyses of black-ash show that this substance
contains a large number of other salts besides carbonate of soda
and monosulphide of calcium, though these two constitute its
main ingredients. In practice a large excess of lime is used
and this gives rise to caustic soda in the black-ash.
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ANALYSIS OF BLACK-ASH.

No. 1. Is the analysis of an English Black-ash by Kynaston.

No. 2. . German % Stohmann.
No. 3. 3 French A Kolb.
1 2 3,

Sodium carbonate ... 36-88 4441 4479
Sodium sulphate ... 039 154 092
Sodium chloride 253 1-42 185
Sodium silicate ... .. 118 — 152
Sodium aluminate ... 069 — 144
Caleium sulphide ... 2868 3096 2996
Lime . ) 927 855 968
Calcmm carbonate 331 320 592
Ferric oxide ... ... 266 179 121
(Clopt st v 7-:00 0i82 120
Calcium sulphlte 2:18 — ]
Magnesia ... ... ... 025 010

‘\Ia(ruesmm sﬂlcate — =

Aluming ... ... ... 1513 079

Water e 0:22 — L1-51
Ferrous sulphlde S0 037 =

Silica . R — 0-39

Sand: Tz, . ¢S et 090 220

Ultramarine ... ... | 0-96 — ]

| 9860 | 10093 100-00

An improvement has recently been introduced into the black-
ash process by Mr. Mactear by which, instead of using a weight
of limestone equal to or greater than the weight of salt-cake,
only about 70 parts or one molecule of limestone is employed to
100 parts or one molecule of salt-cake, but in addition to this
65 parts of quick-lime is added. By this plan a considerable
saving of raw material is effected, and the black-balls are very
easily lixiviated, so that this improved process is now beiug
rapidly adopted.

81 (3.) Lixiviation of the Black-ash—The next operation
consists in the separation of the carbonate of soda from
the insoluble ealeium monosulphide, and the other impurities.
This is easily effected by the process of [liziviation, or
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washing out the soluble carbonate of sodu, leaving the mono-
sulphide of calcium and the excess of lime and carbonate of
lime as insoluble powders behind. In this process the object
aimed at is to dissolve as large a quantity of the carbonate of
soda with as small a quantity of water as possible. The
arrangement of lixiviating vats for effecting this is the invention
of the late Mr. Shanks of St. Helens. A series of vats ave
employed in which the broken black-ash is placed; pure water
is allowed to flow on to that portion of the ash which bas already
been nearly exhausted, and the solution then passes on until
the nearly saturated liguors come in contact with the fresh
black-ash. In this way the complete lixiviation of the black-
ash is effected with the least quantity of water. The average
time needed for working off a vat is about forty-eight hours.
The residue remaining in the vats after the soluble matter has
been extracted constitutes what is known as the alkali-maker’s
waste. This waste contains the whole of the sulphur from the
salt-cake, and as a rule in the insoluble state of monosulphide
of caleium. This waste is now thrown away, being either made
into heaps which are apt to become a nuisance in the neigh-
bourhood of the alkali-works, or are carried out to sea, or
otherwise made away with.

It is impossible, however, by this process of lixiviation
completely to wash out the soluble carbonate of soda, so that we
find about 3 per cent. of soluble alkali left in the vat-waste.

A ccnsiderable excess of limestone is generally used in the’
manufacture of black-ash, and this in the course of the reaction
becomes converted into caustic lime; on treating the mass with
water the caustic lime transforms a considerable quantity of the
carbonate of soda into caustic soda, and carbonate of lime is
formed :

Na,CO, + Ca0 + H,0 = 2NaOH + CaCO,,

Hence it happens that as a rule about one-third of the total
amount of soluble soda present in the black-ash liquor is
caustic.” Besides this, the black-ash liguor usually confains
small quantities of sulphide as well as thiocyanate of sodium.
In order to separate the sulphide of sodidm as well as the
caustic soda which the black-ash liquors contain, these liguors
are frequently oxidized and carbonated by the liquid being
allowed to full down towers, filled with coke, up which hot air
mixed with carbonic acid passes. In order to evaporate the
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black-ash liquors ‘the waste heat of the black-ash furnace is
employed. Large pans, shown in D b, Figs. 33 and 35, are filled
with the liquor, the water boiled off, and the crystals which are
deposited are scraped out into the drainers (£ E, Figs. 33 and 35).
These crystals are then heated, and yield common soda-ash.
This common ash is further purified by exposure to heated air
on the floor of a reverberatory- or refining-furnace. In this
process any traces of the sulphides are oxidized to sulphates, the
caustic alkali carbonated, and the yellowish tint of the common
ash, which is due to the presence of sulphide, is got rid of.

Dr. C. R. A. Wright has made a series of experiments on the
loss of sodiim occurring in the black-ash process. He believes
the loss to be as follows :— ;

Sodium salts undecomposed . . . . 349 per cent.

Sodium compounds rendered insoluble 544

Sodium compounds vaporized . . . 114
10107510,

82 Coustic Soda is now manufactured on the large scale in the
alkali works. For this purpose the red-liquors are used from
which the black-ash erystals have been deposited. These
mainly consist of a solution of carbonate of soda and caustic
soda in varying proportions, but countain at the same time
chloride, sulphate, cyanide,and sulphide of sodium as impurities.
The red-liquors are first allowed to pass down a coke tower
where they meet with a current of air, and thus the sulphides
are oxidized to sulphates. Then having been reduced to a
specific gravity of 1:10 they are causticised by heating with milk
of lime in large iron boat-pans or boilers. The clear caustic
liquor is then run off, the lime-mud being well washed to
extract the soluble caustic soda, and these washings being used
to dilute fresh quantities of the red-liquors. The dilute caustic
liquors are then either boiled down in ordinary steam-boilers or
in open pans, and afterwards concentrated in cast-iron flanged
pots sufficiently large to hold from 8 to 10 tons of finished
caustic soda, being often 9 feet in diameter and 5} feet deep.
These pans are huilt into brickwork, and are heated by means of
a furnace placed either below or on one side. When the
temperature reaches 120° the liquor begins to bo'l, and ammonia
gas is evolved from the decomposition of the cyanides. The
temperature rises as the liquors become more concentrated, and

.
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as soon as it reaches 260° the pots are loosely covered and the
fire then urged until the contents of the pot are raised to a dull
red-heat. It is now necessary to oxidize the small quantities of
sulphides and cyanides which are still contained in the caustic
liquors. For this purpose either nitre is added from time to
time, or air is pumped through the hot liquid. If nitre is used
torrents of ammonia are evolved, and a black deposit of
graphite resulting from the decomposition of the cyanides is
formed. The white caustic soda thus prepared contains about
70 per cent. of Na,0, or nearly 90 per cent. of the hydrate NaOII.
A less concentrated product termed “cream caustic” is also made;
this contains about 60 per cent. of Na,0. When the operation
of concentration is finished, the fused caustic is ladled out by
means of copper ladles into iron drums, where it solidifies on
cooling. In this way it can be transported to any distance
without undergoing change. )

83 Alkali-maker's Waste—For every ton of soda ash produced
from one and a half to two tons of waste is formed ; and in the
neighbourhood of alkali-works enormous quantities of this waste
accumulate. This waste contains the whole of thie sulphur burnt
in the pyrites kilns, amounting to from 15 to 20 per ceut. .
of the weight of the waste. The importance of recovering this
sulphur, not only for the sake of the manufacturers themselves,
to whom it is now entirely lost, but also for the sake of
diminishing the nuisance to the neighbourhood, is patént to
all. The waste, even when carefully stamped down and when
the surface is made as hard as .possible or even covered with
cinders, invariably undergoes oxidation; the insoluble mono-
sulphide of calcium becomes converted into a soluble higher
sulphide, and meeting with rain- or drainage-water dissolves,
and the solution finds its way into the ordinary drains or
streams of a district, and npon meeting with the carbonie acid
of the air, or with the acid discharge from the alkali-works,
evolves sulphuretted hydrogen sufficient to become a nuisance
to the inhabitants of districts lying even several miles away
from the waste. Many proposals have been made for recover-
ing the sulphur from the waste. So far back as 1837 Mr.
Gossage began a long investigatiou into this question, but failed
to establish a process by which the sulphur cou!d be profitably
recovered. Schaffner in Germany, Mond in England, and
Mactear in Scotland, have devised processes which have been
worked in certain localities, but were not sufficiently economical
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for general adoption. It is to the credit of Mr. Chance
of Oldbury that by another process now generally used by
alkali manufacturers, sulphur recovery from alkali-waste has
been made remunerative, and the grave nuisance arising from
the waste-heaps will in time be greatly diminished if not
entirely removed. This process depends upon two reactions:
the first of these is the decomposition of the alkali-waste by
carbonic agid with formation of caleium carbonate and liberation
of sulphuretted hydrogen ; the second, the combustion of this gas
in a current of air with production of sulphur and water. For
carrying out the first of these reactions a patent was obtained
by Messrs. Schaffner and Helbig, whilst for the second a peculiar
kiln invented by Claus is employed. For the proper working
of both these reactions it is, however, necessary that the various
currents of gases should be of regular and constant composition,
and to attain this constancy a most ingenious plan of working
is used by Mr. Chance. In the first place, in order that
the stream of sulphuretted hydrogen shall be constant, that of
the carbonic acid needed to decompose the calcium sulphide must
also not only be regular, but must not be diluted with atmo-
spheric nitrogen to an injurious extent. These necessary con-
ditions have been secured, so much of the atmospheric nitrogen,
which accompanies the carbonic acid generated from burning
lime in kilns, being eliminated as to render the remaining gases
sufficiently rich in sulphuretted hydrogen to serve, not only for
the production of sulphur by means of the Claus kiln, but also
for the manufacture of sulphuric acid by burning the sul-
phuretted hydrogen, and allowing the sulphur dioxide and steam
produced to pass into the leaden chambers. The apparatus by
-which this regular flow of the gases is secured and the sulphur
obtained is of a somewhat complicated character. The prin-
cipal features of the process consist in bringing a mixture of
alkali-waste and water, into a series of vessels connected by
pipes, and furnished with inlet and outlet ways. Through these
vessels lime-kiln gases, consisting almost entirely of carbonic acid
and nitrogen, are passed, with the result that in the first vessel
the carbonic acid is absorbed by the free lime present in the
waste, with production of carbonate of lime, and by the calcium
sulphide with production, in presence of water, of carbonate of
lime and sulphuretted hydrogen. This gas passes on to the
second vessel, where it meets with fresh alkali-waste, and is
absorbed with formation of calcium sulphhydrate, Call,S,. Thus
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it will be seen that a twofold absorption takes place, first of the
cardonic acid, and secondly of the sulphuretted hydrogen, so
that in the last one of a series of vessels neither carbonie acid nor
sulphuretted hydrogen escapes, whilst the inert nitrogen of the
air is allowed to do so. When the gases issuing from one of
the intermediate vessels contain a sufficiently large proportion of
sulphuretted hydrogen evolved according to the decomposition :
CO, + CaH,S, + H,0 =CaC0;4 + 2H,S.

the outlet is opened, and the gases, rich in sulphuretted hydrogen
and poor in inert nitrogen, are collected in a gasholder, to be used
for making either sulphur or sulphuric acid. When the gases
cease to be sufficiently rich in sulphuretted hydrogen the outlet
is closed, and the gases passed into another one of the series of
vessels containing fresh waste and water, and thus the first
operation is repeated. By this means the decomposition of the
waste is complete, the whole of the sulphur being withdrawn,
The residue consists of precipitated carbonate of lime, which is
used either in the black ash furnaces in place of lime, or for the
manufacture of cement.

84 Ammonia-sode Process—Of the numerous proposals which
have been made to replace Leblanc’s process, only one has
proved successful. This process is interesting from the sim-
plicity of the reaction, as also from the fact that no noxious
vapours are emitted in any part of the process. It depends
on the well-known fact that when carbon dioxide is passed
into a solution of common salt in aqueous ammonia, a double
decomposition occurs and the slightly soluble bicarbonate of soda
is precipitated :—

NH, +C0, % NaCl + H,0 = HNaCO, + NH,CL

The mother-liquors containing the sal-ammoniac are heated
with lime or magnesia, and thus the ammonia regained for
subsequent use. The only waste product is calcium- or mag-
nesium-chloride. This process, although patented so long ago as
1838 by Dyer and Hemu:ing, was first carried out practically in
1855 by Schlissing and Rolland near Paris. Even they did not
succeed in overcoming the numerous practical difficulties which
surround this subject, and the credit of having brought this
process to an economical issue belongs to Solvay, who in 1861
established the ammonia-soda manufacture near Brussels, and
by improved arrangements placed it on so satisfactory a basis

that it has now been successfully introduced, and is being
6y
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worked on the large scale in several countries! In spite,
however, of the strikingly rapid growth of the ammonia-soda
process, there has been no decline as yet in the production of
alkali in Great Britain by the Leblanc process. This is shown
by the fact that the quantity of pyrites imported has constantly
increased, whilst the salt decomposed by each process for 1888
was 590,312 tons for the Leblane, against 212,181 tons for the
ammonia-soda process. The world’s total production of alkali
in 1888, calculated as soda-ash, is estimated at 900,000 tons, of
which about 430,000 tons was made by the ammonia-soda
process.  Of this amount the English works of Brunner, Mond,
and Co. furnished no less than 125,000 tons. The ammonia-
soda process offers considerable advantages over the older
method, both as regards cost of manufacture and purity of the
product, and should an economical process be discovered for
recovering the chlorine, there is little doubt that the older
process would be completely supplanted.

85 Manufacture of Bicarbonate of Soda.—This salt is made
by exposing crystalline masses of the decahydrated carbonate,
inclosed in large chambers, to the action of carbon dioxide.
generated by the action of hydrochloric acid upon limestone,
The gas is slowly absorbed by the crystals, which lose their
water of crystallization and with it their transparency:

N2,00, + 10H,0 + CO, = 2HNaCO, + 911,0.

Sodiwm Potassium Carbmate, NaKCO, A mixture of equal
molecules of the carbonates of sodium and potassium fuses more
readily than either of the separate salts. Hence this mixture is
frequently used as a flux in the analysis of silicates and other
minerals. When the solution of such a mixture is evaporated
large monoclinic crystals separate out. Thsse have the com-
position NaKCO,; + 10H,0, and possess a specific gravity of
1:62. They effloresce on exposure to air, and on recrystallization
they decompose. 100 parts of water dissolve at 12™5 133, at
15° 185, parts of the crystallized salt.

€6 Sudiwm Sulphides—These comnpounds are very similar to
those of potassium and sulphur and are similarly prepared.
Sodium monosulphide is frequently used on the large scale, as
in the manufacture of soluble glass and sodium thiosulphate.

87 Sodamide, NH,Na. This compound, discovered by Gay-
Lussac and Thénard, is formed when dry ammonia is passed
over fused sodium. The surface of the metal soon becomes

1 Bericht d. Eniwickelung chem. Indust. 1875, p. 445,
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covered with drops of a greenish blue colour, and as these run
off fresh ones are formed, until the whole of the metal is trans-
formed into the amide. On cooling this forms a greenish or
reddish crystalline mass, which when heated in a current of
carbon dioxide begins to glow with formation of caustic soda
and cyanamide :

2NH,Na + C0, = CN.NH, + 2NaOH.

DETECTION AND ESTIMATION OF SODIUM.

88 The presence of a sodium compound can be readily de-
tected by the production of the yellow tint which it imparts to
the non-luminous gas-flame. This reaction was first observed by
Melville in 1752, and was made use of by Maragraf in 1759 to
distinguish the base contained in common salt from that peculiar
to the vegetable alkali which imparted a violet tint to flame.

The spectrum of the yellow soda flame consists of two bright
vellow lines coincident with the two dark solar lines known as
Fraunhofer’s D-lines.  These lines have a wave-length of 5895
and 5889 ten-millionths of a millimeter, and lie so close together
that in an ordinary one-prism spectroscope they appear as one
line.

The spectrum-reaction of sodium is the most delicate one
known. When the temperature of the flame is high and, if a
large quantity of substance be present, traces of a continuous
spectrum are observed in the neighbourhood of the lines; it thus
may happen that the lines of other metals occurring near the
sodium lines are rendered invisible until the greater part of the
sodium compound has been volatilized. The most volatile
sodium salts give this reaction most readily, but even those
which volatilize with difficulty, such as the phosphates and
silicates, can thus be detected. Such is the delicacy of this
reaction that Bunsen has shown that 5555400 of a milligram of
sodium salt can thus be detected with certainty. With a re-
action so delicate, it is easy to explain why the sodium reaction
is always seen in ignited atmospheric air. The earth’s surface is
covered for more than two-thirds of its area with a solution of
chloride of sodium, fine particles of which are constantly being
carried by the action of the waves into the air. These particles
of sea-water thus thrown into the atmosphere evaporate, leaving
almost inconceivably small residues, which, floating about, are



156 ALKALI METALS.

almost always present in the air, and are rendered evident to
our eyesight in the motes which dance in the suubeam.

In order to show this universal distribution of sodium salts
the following experiments may be made. A clean thin platinum
wire is held in a non-luminous gas-flame for an instant; the
yellow colouration due to the presence of sodium compounds
is instantly seen, but this disappears in a few seconds as soon
as the sodium salt on the wire has been volatilized. If now the
wire free from sodium compounds be brought in contact with
the slightest particle of dust, or tonched by the finger, or if it
be simply allowed to remain quietly in the air for half an hour,
the same yellow colouration will again be observed if it be brought
for a second time into the flame. The same fact is also seen
when a dusty book is knocked near a non-luminous flame, the
yellow colour being distinctly visible.

The absorption-spectrum of sodium vapour has been mapped
by Roscoe and Schuster.! A series of bands in the blue make
their appearance at a low temperature, and as this is raised
bands in the red and yellow stretching as far as the D-lines
come out. When the vapour of sodium is examined in a red-
hot iron tube the colour of the limelight as seen through it is a
dark blue,

In the processes of quantitative analysis sodium generally
occurs together with potassium. The process for the separation
of these two metals has already been described, as well as the
indirect method by which the quantity of the two metals can
be ascertained (see pp. 101, 102). If it is desired to determine
the sodium directly, the best process is the following one sug-
gested by Bunsen. The alcoholic solution of the soluble double
chloride of sodium and platinum is evaporated in a flask which
is filled with hydrogen gas and exposed to the light. Sodium
chloride, hydrochloric acid and metallic platinum are then
formed ; the solution of common salt is filtered from the plati-
num, evaporated to dryness, and the weight of the salt ascer-
tained after gentle ignition. As sodium chloride is volatile at a
red heat, it is advisable to transform the salt into sulphate
before ignition. -

The atomic weight of sodium has been most carefully deter-
mined by Stas. He found as the mean of ten experiments that
100 parts by weight of pure silver required from 54-206 to

1 Proc. Roy. Soc. xxii. 362,



LITHITM. 157

54209 parts of sodium chloride for complete precipitation.
This gives a mean of 54:2075, and hence the atomic weight of
sodium is 22:99, Ag=107-68, Cl=353T7.

LITHIUM, Li = y701.

89 Lithium was discovered in 1817 by Aug. Arfvedson, whilst
he was working in Berzelius’ laboratory.! He obtained a new
alkali, and Berzelius gave to it the name lithia. It was first
found in several minerals, from the iron mines of Uts in Sweden,
especially petalite and spodumene.

Lithium is derived from A{feos, stony,as it was then believed
to be an alkali whose presence was confined to mineral matter
in contradistinction to the other alkalis which were found in
vegetable and animal bodies. Since that time, however, lithium
has been shown to be very generally distributed throughout the
animal and vegetable kingdoms,

Metallic lithium was first prepared by Bunsen and Matthiessen
in 1855, ’

The general distribution of small quantities of lithium com-
pounds was first ascertained by Bunsen and Kirchhoff in their
first research on spectrum analysis in 1860.2

Sources of Lithium.—The most important minerals containing
this element are triphyline, a phosphate of iron, manganese,
and lithium, (LiNa),PO, + (FeMn),(PO,),, containing from 1-6
to 37 per cent. of lithium; petalite, a silicate of aluminium,
sodium, and lithinm, containing 27 to 3-7 per cent. of lithium ;
lepidolite or lithia-mica 13 to 57 per cent. ; spodumene or tri-
phane, a silicate of aluminium, sodium, and lithium 38 to 56
per cent. Smaller quantities of lithium, whose presence can be
ascertained by the spectroscope, are found in a large number of
miuerals. The water of certain mineral springs also contains
large quantities of dissolved lithium salts. Thus Berzelins 2 so
long ago as 1822 detected this element in the water of Egger-
Franzensbad, and in 1825 in those of the springs at Karlsbad
and Marienbad. The spectroscope has since shown that lithium
oceurs in most mineral waters, in sea-water, and in that of almost
every river * and surface spring. Some mineral springs contain

1 Schw, xxii. 93 ; Ann. Chim. Phys. x. 82.
2 Phil. Mag. [4] xx. 97. 3 Pogy. iv. 245,
$ On Thames Water., A. and F. Dupré,  Phil. Mag. [4] xx. 378,
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lithium in considerable quantity. Thus Bunsen found 2952
mgrm. of lithium chloride in one liter of the water of the Mur-
spring at Baden-Baden,! and W. A, Miller  found 372 mgrm. in
one liter of water from a spring in the Wheal Clifford mive at
Redruth in Cornwall.

By the decomposition of rocks containing lithium this metal
finds its way into the soil. It has been detected in that of the
Limagne d’Aunvergne, and can be traced in the ashes of the
plants which grow in that district (Truchot)® 1t is widely
distributed throughout the vegetable kingdom, occurring in the
ash of the vine, in that of many cereals, in sea-weed and in to-
bacco (Bunsen and Kirchhoff). It has been found especially in
the leaves of mauy plants, in cacao, coffee, and sugar-cane. It
appears however that lithium salts cannot replace potassium
salts in plants ; indeed, when added in quantity they generally
seem to act as a poison. In certain plants, however, such as for
instance the Samolus Valerandi, lithium appears to act bene-
ficially, inasmuch as the stronger plants contain most lithium.

From the vegetable world lithium finds its way into the
animal kingdom; thus Bunsen and XKirchhoff observed its
presence in the ashes of milk and in human blood and muscular
tissue. Nor is lithinm a metal which is confined to terrestiial
matter, for Bunsen 4 has detected it in two meteoric masses, one of
which fell at Juvenas in France on May 15, 1821, and the other
at Parnallee in Southern India on 28th February, 1857, and
Engelbach ® observed lithiumn in a meteorite from the Cape. The
presence of lithium has also been detected in the atmosphere of
the sun (Lockyer).

go Extraction of Lithium Salts—1. From petalite and lepi-
dolite. The first method of extraction, proposed by Berzelius,®
consists in fusing the powdered mineral with double its weight
of lime. On dissolving the fused mass in hydrochloric acid, and
evaporating with sulphuric acid, the lithinm is obtained in solu-
tion as sulphate, together with some aluminium sulphate and
gypsum. The first salt is precipitated by addition of chalk, and
the second by oxalate of ammonia. This method was improved
by Regnault and again much simplified by Troost? This latter
chemist fuses the following mixture at a very high temperature

1 Jakresbericht der Chimie 1861, 1091. 2 Chem. News. x. 181.

3 Deutsch Chem. Ges. Ber. vii. 653 ; Comptes Rendus, 1xxviii. 1022,

4 Ann. Chem. Pharm. cxx, 253, 5 Pogg. Ann. exvi. 512,

6 Traité, i, 89, 7 Comptes Rendus, xliii. 921,
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in a wind furnace: finely powdered lepidolite, 10 parts; barium
carbonate, 10 parts; barium sulphate, 5 parts; potassium sulphate,
3 parts. The heavy silicate and sulphate of barium sink to the
bottom, and a layer of the sulphates of potassium and lithium is
found at the top of the fused mass. These can be extracted by
simple lixiviation. The sulphates are tlien converted into
chlorides by the addition of bariumn chloride, the chlorides
evaporated to dryness, and the lithium chloride extracted by
treatment with a mixture of absolute alcohol and ether.

2. For the purpose of extracting lithium salts from triphy-
line, a process proposed by Hugo Miiller! is the best. This
consists in dissolving the mineral in hydrochloric acid, oxi-
dizing with nitric acid, precipitating the phosphoric acid with
a persalt of iron, evaporating to dryness and extracting with
hot water. Chlorides of manganese and lithium are thus
dissolved. The manganese is precipitated by sulphide of
barium, and the excess of barium removed by sulphuric acid.
The oxalate of lithium is obtained by evaporating with oxalic
acid, and this on ignition is converted into the carbonate.

o1 Preparation of Lithium.—The attempts made by Arfved-
son and Gmelin to prepare metallic lithinum were fruitless. They
endeavoured to separate the metal by the electrolysis of its salts
but the battery they used was not powerful enough. Later on,
the decomposition of lithia was tried by heating it with ivon, and
carbon ; these experiments also proved abortive. Then Davy
succeeded in obtaining a small quantity of the metal by elec-
trolysis, but was unable to examine its properties. In 1855
Bunsen and Matthiessen were the first to obtain lithium by
electrolysis in quantity, and to examine its properties care-
fully. The following is Bunsen’s description of the process.?
“Pure chloride of lithium is fused over a Berzelius’ spirit-
lamp (or Bunsen’s gas-lamp), in a small thick porcelain
crucible, and is decomposed by a zinc-carbon battery consisting

of four to six cells. The positive pole is a small splinter of
gas-coke, and the negative an iron wire about the thinness
of a knitting-needle. After a few seconds, a small silver-
- white rerrulus is formed under the fused chloride round the
iron wire and adhering to it, which after two or three minutes
attains the size of a small pea: to obtain the metal, the wire
pole and the regulus are lifted out of the fused mass by a

1 Ann, Chem. Pharm. Ixxxv. 251,
2 Chem. Soc. Jowrn. viii. 143.
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small flat spoon-shaped iron spatula. The wire can then be
withdrawn from the still melted metal, which is protected
from ignition by the chloride of lithium with which it is
coated. The metal may now be easily taken off the spatula
with a pen-knife, after having heen cooled under rock oil
As this operation can be repeated every three minutes, an
ounce of chloride of lithium may be reduced in a very short
time.”

Lithium cannot be obtained by a similar process to that by
which sodium and potassium are prepared by heating the
carbonate with cliarcoal, or by heating the hydroxide with
iron, as it can only be volatilized in a current of hydrogen at
a white heat (Troost).

Properties—Lithium is a solid, possessing a silver-like lustre,
but tarnishes on exposure to the air. It is much less oxidizable
than potassium or sodium. It is not so soft as these metals, but
is softer than lead, and makes a grey streak on paper. Lithium
can be pressed into wire, and can be welded at ordinary tem-
peratures. It melts at 180° and if the melted metal be pressed
between two sheets of glass, & surface is obtained which exhibits
the colour and brilliancy of polished silver. Lithium floats on
petrolewn, and is the lightest of all known solids; its specitic
gravity varying from 05891 to 05983 (Bunsen).

Heated in the air lithium ignites at a temperature above its
fusing point, burning tranquilly with a bright white light. It
also burns when heated in chlorine, bromine, iodine, dry
carbon dioxide, or sulphur vapour. When thrown onto water
it oxidizes, but does not fuse like sodium. Nitric acid acts on
it so violently, that it fuses and often ignites. Concentrated
sulphuric acid attacks it slowly, but diluted sulphuric and
hydrochloric acids quickly. Silica, glass, and porcelain are
attacked by lithium at a temperature below 200° (Bunsen and
Matthiessen). Lithium is more electro-negative than sodium.

LITHIUM AND OXYGEN.

92 Lithium Ozide, Li;0.—Dry oxygen does not act upon
lithium at the ordinary temperature. Indeed the metal may be
melted in the air without losing its brilliancy. Heated much
above 180° lithium takes fire and burns brilliantly in the air with
the formation of lithium oxide or lithia which is coloured yellow
by a small quantity of a higher oxide. It may be prepared in a
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purer state by heating nitrate of lithium in a silver basin. It forms
a white crystalline mass which dissolves slowly in water with the
formation of the hydrate, LIOH. This latter compound is also
obtained by boiling carbonate of lithium for some hours with
milk of lime, and evaporating the clear liquid to dryness in a
silver basin. It forms a white caustic crystalline mass resembling
caustic soda, which melts at a red-heat and does not volatilize
at a white heat, and is insoluble in a mixture of alcohol and
ether. Its solution absorbs carbonic acid from the air but less
rapidly than soda does, and it does not deliquesce on exposure,
A crystalline hydrate LiOH + H,0 has also been obtained.!

SALTS OF LITHIUM.

93 Lithium Chloride, LiCl. This salt is formed when lithium
burns in chlorine, or when lithia or the carbonate is dissolved in
hydrochloric acid. Its preparation from spodumene and petalite
has already been described. By evaporating the aqueous solu-
tion above 155, or the alcoholic solution over sulphuric acid, the
chloride is obtained in octohedrons. The salt melts at a low red-
heat to a mobile lignid. Its specific gravity is 2074. It is one
of the most deliquescent salts known, and is also very soluble
in alcohol ; when its aqueous solution is evaporated to dryness,
traces of hydrochloric acid are given off, a little lithia being
formed; and on re-dissolving, the liquid has an alkaline
reaction. Two hydrated chlorides are known, viz, LiCl + H,0
and LiCl 4+ 2H,0.

100 parts of water dissolve:

ATWRI0Z 20° 65° 80° 140° 160°

LiCl 637 807 1042 IS 139 145 parts

The saturated solution boils at 171° (Kremers).

Normal Lithwum Sulphate, Li,SO; + H,0. This salt, which
crystallizes in thin monoclinic plates, is obtained by dissolving
the carbonate in sulphuric acid. It is easily soluble in water
and alcohol.

Hydrogen Lithium Sulphate, LIHSO,, is also known.?

Double Sulphate of Lithiuwm and Potassium, KLiSO,. Rhombic
crystals of this double salt separate out when a solution con-
taining equal molecules of the two sulphates is cooled.

1 Muretow, Ber. Deutach. Chem. Ges, v. 331.
2 Schultz, Pogg. exxxiii. 137.
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Lithium Nitrate, LINO,, a salt very soluble in both water and
alcohol, is obtained by dissolving lithium carbonate in nitric acid.
It crystallizes at 15° in anhydrous rhombohedrons isomorphous
with sodium nitrate (Troost), whilst below 10° a hydrated salt
having the composition 2LINO, 4+ §H,0 is deposited.

04 Normal Lithium Phosphate, 1i,PO,, is distinguished from
the phosphates of the other alkaline metals by its difficult solu-
pility in water, in this respect resembling the pnosphates of the
next group of metals. It is precipitated as a crystalline powder
by adding a lithium salt to common phosphate of soda together
with caustic soda. It may also be obtained as a light amor-
phous powder by treating a lithium salt of a volatile acid with
an excess of sodium phosphate. It dissolves in 2,539 parts of
water and in 3,920 of water rendered alkaline by ammonia.
Tn presence of ammoniacal salts it is much more soluble, and
is precipitated from the solution by heating with caustic potash.
It is readily soluble in hydrochloric and nitric acids; baryta
water precipitates the phosphoric acid from the solution as
barium phosphate, the whole of the lit"ium salt remaining in
solution (W. Mayer). When a nitric acid solution of the normal
salt is evaporated and the excess oz free acid driven off, the
di-hydrogen salt, H,LiPO,, remains behind. This is readily
soluble, and, on evaporation over sulphuric acid, deposits
deliquescent crystals.

Lithiwm Orthosilicote, 14,510, is prepared by fusing lithium
carbonate with silica. This reaction differs from that observed
with an excess of the other alkaline carbonates, inasmuch as in
this case two molecules of carbon dioxide are liberated for every
molecule of silica employed. The salt is decomposed by water
(Yorke). i

95 Normal Lithium Carbonate, Liz_CO3. This salt, unlike the
carbonates of the other alkali metals, is but slightly soluble in
water, thus more nearly resembling the carbonates of the next
group of metals. It is precipitated as a crystalline powder
when concentrated solution of lithium chloride is poured into
a solution of ammonium carbonate in aqueous ammonia, and
the mixture heated so long as the precipitate increases in bulk.
100 parts of water at 13° dissolve 0-769 parts of this salt, and
at 102°, 778 parts (Kremers). If the solution be slowly evapo-
rated, crystalline crusts or small transparent crystals of the salt
are deposited. It these be suspended in water, and carbon di-
oxide passed in 525 parts of the salt dissolved in 100 parts of
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water, hydrogen lithium carbonate, HLiCO,, is formed. This
solution on standing or evaporation loses carbon dioxide, and
the normal salt is again deposited. Carbonate of lithium is
employed in medicine, especially in gouty affections.

DETECTION AND ESTIMATION oF LITHIUM.

96 The presence of extremely small traces of lithium com-
pounds (;g-505950 OF @ milligram) can be ascertained with cer-
tainty by meaus of the spectroscope. The luminous vapour of
lithium, obtained by bringing a trace of the salt on a fine
platinum wire into the non-luminous gas flame, gives, when
examined by a spectroscope, two sharply-defined lines—the
one a very weak yellow line, Li8 (wave-length = 6101); the
other a bright red line Lia (wave-length = 6708). Not only
do all the lithium salts when thus heated give this reaction
but ashes of plants, and the lithium minerals only require
for this purpose to be held in the flame. Natural silicates
which only contain traces of lithium must first be subjected
to the following treatment. A small portion of the substance
is digested with hydrofluoric acid, the residue moistened with
sulphuric acid and heated ; the dry mass is then treated with
alcohol and the extract allowed to evaporate in a shallow
dish. The solid particles are scraped off and brought into
the flame on the platinum wire (Bunsen).

Lithium is separated from all the heavy and earthy metals
in the ordinary process of analysis. It may be separated
from potassium by the precipitation of the latter metal as
the insoluble double chloride of potassium and platinum, the
corresponding lithium compound being soluble. It can be
separated from sodium by the solubility of lithium chloride
in a mixture of ether and absolute alcohol. DBut as by this
process a small quantity of sodium chloride is found to dis-
solve, Bunsen ! recommends an indirect method by determining
the quantity of silver chloride yielded by a given weight of the
mixed alkaline chlorides.

The atomic weight of lithium was first accurately ascertained
by Mallet in 1856 and 1859, and by K. Diehl in 1862. It was
afterwards determined by Stas by converting the chloride into
the nitrate, and by the determination of the amount of chlorine
contained in lithium chloride.

3 Phil, Mag. [4] xxiv. 48.
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RUBIDIUM, Rb = 852.

97 In the year 1860 Bunsen! announced the discovery by
means of spectrum analysis of a new alkali-metal, to which
he gave the name of Cesium, and in 1861 he discovered by
the same method a seeond new alkali metal, and to this he gave
the name Rubidium.

These two metals and their compounds possess so close a
resemblance, and at the same time give reactions so similar to
those of potassium, that they cannot be distinguishéd either
from the well-known alkali or from one another by any of the
common wet reactions or blowpipe, tests. The only means by
which their presence can be detected is by their spectrum
reactions, and these are so delicate and so characteristic that
they serve for the certain recognition of the minutest trace of
these two new bodies, whether present alone or mixed with the
other alkalis. The metals were first met with by Bunsen in
the waters of Diirkheim in the Palatinate, and in the mineral
petalite. In these, however, they are contained in such small
quantity that, although their presence can be easily recognizec
in 2 few drops of the water or in a few grains of the mineral,
it was requisite to boil down 40 tons of the water and to work
up 150 kilograms of the mineral in order to obtain enough of
the new metals to serve for the investigation of their cum-
pounds.

The following extract from Bunsen and Kirchhoff’s sezond
memoir on Spectrumn Analysis? gives a clear idea of the
method by which the presence of the two new metals was first
detected :—

“If a drop of the mother-liquor of the Diirkheim water be
brought into the flame of the spectrum apparatus, the character-
istic lines of sodium, petassium, lithium, calcium, and strontium
are at once seen. If the lime, strontia, and magnesia be sepa-
rated according to well-known processes, and if the residual
alkali bases in the form of nitrates be washed out with
alcohol, and the lithium removed as completely as possible by
precipitation with carbonate of ammonium, a mother-liquor is
obtained which in the spectrum apparatus shows the lines of
sodiui, potassium, and lithium, but besides these, two splendid

1 Berlin Acad. Ber. May 10, 1860.
2 Phil. Mag. [4] xxii. 330.
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blue lines situated close together, and almost coinciding with
the blue strontium line Srd.

“As no known elementary body produces two blue lines in
this portion of the spectrum, we may consider the existence
of this hitherto unknown alkaline element as thus placed
beyond doubt.

“The facility with which a few thousandths of a milligram
of this body may be recognized by the bright blue light of its
incandescent vapour, even when mixed with large qunantities of
more common alkalis, has induced us to propose for it the name
Cewsium (and the symbol Cs), derived from the Latin cesius,
used to designate the blue of the clear sky.!

“If Saxony lepidolite be treated by any of the known plans
for separating the alkalis from the other constituents, and if
the solution of the alkalis thus obtained be precipitated with
dichloride of platinum, an abundant precipitate is formed, which,
when examined in the spectrum apparatus, shows only the bright
potassium lines. If this precipitate be repeatedly washed with
boiling water, and the residual salt occasionally examined in
the apparatus, two splendid violet lines lying between the
strontium line Srd and the blue potassinm line K3 will be
noticed on the gradually fading continuous background of the
potassium spectrum. These new lines increase in brilliancy as
the washing is continued, aud a number more appear in the
red, yellow, and green portions of the spectrum.

“ None of these lines belong to any previously known body.
Amongst them are two which are especially remarkable as lying
beyond Fraunhofer’s line A and the potassium line Ka coin-
cident with it, and therefore sitnated in the outermost portion
of the red solar rays. Hence we propose for this new metal
the name ZRubidium (and the symbol Rb), from the Latin
rubidus, which was used to express the darkest red colour.?

Since this discovery, rubidium has been shown to be widely
distributed, generally accompanying the other alkalis, but in
very minute quantities. Rubidium occurs n many minerals,
such as lepidolites, and triphyllines, in Stassfurt carnallite, in
Vesuvian leucite, in the porphyrites of the Palatinate, in mica
and in orthoclase.

1 Aulus Gellius, in his Noctes Attice, ii. 28, quotes Nigidius Figulus as follows :
¢ Nostris autem veteribus cwmsia dicta est, que a Grecis yAawx@ms ut Nigidius
ait, de colore ceeli quasi ceelia.”

2 Aulus Gellius, Noctes Atticee, i, 26. ¢“ Rubidius autem est rufus atrior et
nigrore multo inustus.”
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The following is the analysis of the lepidolite from Rozena in
Moravia in which Kirchhoff and Bunsen first discovered
rubibium :—

Silica . 4 E A 5 " 50-32
Alumina . A 5 3 A 2854
Ferric oxide . 5 5 3 073
Lime . 5 : 3 o o 101
Magnesia . : 5 s 2 0-51
tubidium oxide . 5 3 3 024

Caesium oxide : h 2 3 trace
Lithium oxide . 5 3 d 070
Lithium fluoride . 3 d 5 0-99
Sodium fluoride . 3 3 5 15747
Potassium fluoride A 3 . 12-:06
Water A . 5 5 % 3712
9999

A large number of brine-springs and mineral-waters also
contain the new alkali. Thus the hot springs of the Ungemach
contain in 1 liter 13 milligram of chloride of rubidium
(Bunsen); the mineral water of Bourbonne-les-Bains contains
187 milligrams of the same salt, and 325 milligrams of casium
chloride

The celebrated waters of Ems, Kissingen, Nauheim Selters,
Vichy, Wildbad-Gastein, and many others contain rubidium, and
some of them also cesium compounds. Rubidium has been
found in sea-weed and in sea-water (Sonstadt)! and also in
the mother-liquors (bitterns) from the salterns of Villefranche
(Grandeau). Rubidium salts are also widely met with in the
vegetable kingdom. Beetroot takes up these salts from the soil,
and in the saline residue obtained by calcining the fermented
molasses considerable quantities of rubidium salts are contained.
Thus 100 parts of the saline residue contain 018 parts of
chloride of rubidium (Grandeau). Then it has also been found
in samples of tobacco grown in the most distant quarters of the
globe—such as Algiers, Havana, Kentucky, France, and Mace-
donia. Rubidium likewise occurs in several kinds of coffee and
tea (Grandeau); in the ash of the oak, Quercus Pubescens, in
those of beech trees grown on a basaltic soil, in crude cream

1 Chem. News, xxii.
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of tartar, and in potashes from various sources. Plants can
however not absorb rubidium salts in place of potassium salts
and they die if these latter are not present (Lucanus).

Mode of preparation of Rubidium compounds.—According to
Bunsen the best source of rubidium is the saline residue left
from the preparation of lithium salts from Saxon lepidolite,
This consists of the chlorides of sodium, potassium, and lithium,
and traces of the chlorides of cesium and rubidium. The
separation of these new metals is based upon the fact that their
chlorides form double chlorides with platinic chloride, which
are more insoluble than the corresponding potassium double
chloride. One kilogram of the saline mixture is dissolved in
25 kilograms of water, and the cold liquid precipitated by a
solution of thirty grams of platinum in aqua regia. The pre-
cipitate, having settled down, is collected and boiled twenty-five
times successively with small quantities of water, in all about
15 kilograms, the liquid in each case being poured on to the
solution of the original salt. A fresh precipitate is then formed,
this is again washed and treated as the first, and when the
above series of operations have been repeated seven or eight
times the rubidium will be nearly all extracted. Each of the
platinum precipitates is then dried, the platinum reduced by
hydrogen, and the alkaline chlorides dissolved in water. In
this way 125 grams of rubidium chloride were obtained, con-
taining three or four per cent. of chloride of potassium, and a
little chloride of ceesium. By a repetition of the precipitation
and washing of the platinic double chloride this quantity of
potassium impurity can be so completely removed that the
well-known red potassium line (Ka) is not seen with a spectro-
scope when some of the salt is held in the flame (Bunsen).

08 Preparation of the Mctal—Rubidium is prepared by the
same process as that used for potassium.

Charred tartrate of rubidium is heated in an iron tube to
whiteness. Bunsen prepared the metal first, and he obtained
five grams of rubidium from seventy-five grams of the tartrate.
Setterberg has since prepared larger quantities.

1t is a silver white metal of specific gravity 1'52. At —10° it
is still soft and wax-like. It melts at 38™5, and emits at in-
cipient redness a blue coloured vapour. It appears to form an
explosive compound with earbon monoxide as potassium does.

Rubidium Oxide and Hy lrozide,Rb,0 and RbOH. Rubidium
on exposure to air at once becomes covered with a bluish
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coating of suboxide, and takes fire spontaneously more readily
than potassium with forwation of the white oxide, Rb,0
(Bunsen).

When thrown on to water rubidium burns like potassium.
The hydrate is best prepared by adding baryta-water to a
solution of rubidium sulphate. A greyish white, deliquescent
mass is obtained by evaporating the clear solution to dryness in
a silver vessel.

SALTS OF RUBIDIUM.

These salts present the greatest similarity to those of potas-
siamn and are isomorphous with them.

Rubidium Chloride, RbCl. Rubidium takes fire in chlorine
gas burning with a bright light. Chloride of rubidium
crystallizes in glittering cubes which melt at a red-heat. 100
parts of water dissolve at 1° 76-38, and at 7° 82:8Y parts of
the salt. .

Rubidium Chlorate, RbC10,, is obtained by the double de-
composition of rubidium sulphate and barium chlorate. It
crystallises in small prisms which taste like potassium chlorate,
and of which 2-8 parts dissolve in 100 parts of water at 4>7 and
51 parts at 19°

Rubidium Perchlorate, RbCl10,, is a granular powder consisting
of glittering microscopic crystals belonging to the rhombic
system. When heated below reduess it decomposes iuto
rubidium chloride and oxygen. 100 parts of water dissolve at
21°3 1085 paits of the salt.

Normal Rubidivn Sulphate, Rb,SO,, exists as large rhombic
crystals which taste like potassium sulphate. 100 parts of
water dissolve at 10° 42+4 parts of this salt.

Rubidium Nitrate, RbNQ,, crystallizes in needles or prisms,
and is very soluble in water; 100 parts of water dissolve at 0°
20-1, and at 10° 435 parts of this salt. 1t can be distinguished
from nitre, inasmuch as it readily dissolves in concentrated
nitric acid.

Rubidiwm Carbonate, RbyCO,. The normal salt is obtained
by decomposing the sulphate with baryta water and evaporating
the filtrate with carbonate of ammonia. It is a deliquescent
powder which is very soluble in water. If the solution of this
salt be saturated with carbon dioxide, and allowed to evapozate
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DETECTION AND ESTIMATION OF RUBIDIUM. 1G9

over sulphuric acid, glittering prisms of the acid salt, HRbCO,,
are obtained ; these have a cooling taste and are easily soluble in
water,

DETECTION AND ESTIMATION OF RUBIDIUM.

99 The rubidium salts when brought into the non-luminous
gas flame impart to it a tint rather more of a red shade than
is produced by the potassium salts.

The flame spectrum exhibits two characteristic lines in the
violet Rba (wave-length 4202) and RbB. 'These are the most
valuable as the means of recognising the rubidinm salts. Two
other rubiditun lines, Rb8 and Rby, are seen at the red end of
the spectrum ; they are both less refrangible than the red potas-
sium lines. DBesides these several other characteristic lines
occur. The spectrum reaction for rubidium is so delicate that
0-002 mgrimn. can be readily detected (Bunsen).

Bunsen determined the atomic weight of the metal by pre-
cipitating the pure chloride by nitrate of silver. He found as
a mean result the number 832 for the atomic weight of rubidium,
and Grandean obtained a closely corresponding number by the
analysis of the sulphate.

CASIUM, Cs = 13275.

100 This metal is remarkable not only as having been the
first one discovered by spectrum analysis, but also because even
before Bunsen’s discovery of this metal, chemists had investi-
gated certain cesium compounds, which however they had
mistaken for potassium salts. Thus, in the year 1846, Plattner
analyzed a rare mineral found in the island of Elba, and termed
Pollux,! with the following result :—

Silica . 9 3 5 1 5 4620
Alumina . 3 : . i 1639
Ferric oxide . 3 5 3 s 0-86
Potash . d E : 2 3 1651

Sota e 5 kg thSoeNe Smnt B SR AR110:47
WV RLEE T o o Ty Tel e 232
9275

1 Pogg. Ann. Ixix. 443,
61
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Plattuer, being a careful experimentalist, sought for an expla-
nation of the fact that his analyses did not add up to 100 parts,
although he searched in vain for all other constituents. “The
explanation of the enigma was given by the discovery of
cesium, for Pisani! in the year 1864, found on analysis of
another sample of the same mineral that the alkali which
Plattner had mistaken for potassium is, in reality, ceesium. His
analysis gave the following numbers :—

Silica . s 3 5 s 5 4403
Alumina . . s 3 5 15:97
Ferric oxide 5 . 3 . 068
Lime . 3 § 5 5 5 068
Ceaxsia . 2 3 A 5 . 3407

Soda = 3 IS 5 o o el s 388

Water . . 5 . . . 240

10171
If we now calculate the quantity of cesinm oxide correspond-
ing to the amount of potash found by Plattner as the platinum
double salt, we obtain the number 3569 ; if we next subtract
the weight of the chloride of cesium thus found from the weight
of the mixed chlorides of ceesium and sodium as found by
Plattner, we obtain the number 172 as the amount of soda -
present. These numbers correspond satisfactorily with Pisani’s
results, especially when we remember that the quantity of
mineral analysed by Plattner was very small. Doth analyses,

therefore, lead to the formula for pollux of—

1080, +5 (Cs,0, Na,0, Ca0) + 2 (AL,0,, Fe,0,) + 2 H,0.

Tt has already been mentioned under rubidium that cesium
occurs generally together with this and the other alkali metals.
Caesium alone is found in the mineral waters of Frankhausen,
of Monte Latino in Tuscany, as well as in the Wheal Clifford
Spring, one liter of this latter water containing 171 mgrms. of
cesium chloride (Yorke). It is a remarkable fact that plants
do not take up any cesium compounds from the soil, and in
absence of potassium compounds, eeesium acts as a poison upon
vegetable life (Lucanus).

Czsium has recently been obtained by Setterberg by the

1 Comptes Rendus, 1x. 714.
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electrolysis of a mixture of cesium and barium cyanides. The
etal is of a silver-white colour, takes fire when heated in
the air, melts at 26:3°, and has a specific gravity of 1'8S at 15°}
In the presence of mercury an amalgam is formed which is
more electro-positive than the rubidium amalgam, and hence
metallic casium is the most electro-positive of the metals.

Casium Hydroxide, CsOH, is obtained by a process similar
to that by which rubidium hydroxide is prepared, and resembles
it in every particular.

SALTS OF CZAESIUM.

101 The ceesium salts are isomorphous with those of potassiura
and rubidium. They colour the flame of a still more reddish
tint than the salts of the last named metal. The casium
platinum double chloride, Cs,PtCl,, is still more insoluble than
the corresponding rubidium compound.

Ceesium Chloride, CsCl, crystallizes in small cubes which
melt at a dnll red heat, and volatilize even more readily than
potassium chloride. It is very hygroscopic and deliquesces in
moist air.

Normal Ceesium Sulphats, Cs,SO,, forms short, hard, pris
matic crystals, insoluble in alcohol though readily soluble in
water. The acid salt, HCsSO,, erystallizes in rhombic prisms.

Casium Nitrate, CsNO,, crystallizes in small glittering prisms
which possess the cooling taste of saltpetre, and are slightly
soluble in alcohol. 100 parts of water at 3°2 dissolve 10'38
parts of this salt.

Normal Cesium Carbonate, Cs,CO;.  This salt separates out
from a syrupy solution in the form of ill-defined hydrated
deliquescent crystals. They melt on heating, leaving a residue
of the anhydrous salt as a sandy powder. It is soluble in
absolute alcohol. 100 parts of alcohol dissolve at 19° 111, and
at the boiling point 201 parts of the anhydrous salt. The acid
salt, HCsCO,, crystallizes from aqueous solution in large prisms.

DETECTION AND ESTIMATION OF CESIUM.

102 The spectrum of cesinm contains in addition to the two
characteristic bright blue lines Csa (wave-length 4972) and
CsB, several other less distinct lines.

1 Betterberg, Lichig's Ann., cexi, 100.



172 ALKALI METALS.

In order to separate cesium from rubidium salts, the solu-
bility of the normal carbonate of ceesium in absolute alcohol
may be made use of (Bunsen). A second method of separation
depends upon the fact that the acid tartrate of rubidium,
C,H,RbO,, is much more insoluble than the corresponding
caesium compound. For this separation twice as much tartaric
acid is added to the solution of the mixed carbonates as is
needed for their complete neutralization; the solution is then
evaporated at 100° until it is nearly saturated and allowed to
cool. Acid tartrate of rubidium then separates out, and after
having been three times recrystallized it is free from ceesium.!

Another very useful method of separation depends upon the
fact that cesium alum, Cs,80,,A1,380, + 24H,0, is much less
soluble than the corresponding rubidium and potassium alums.
100 parts of water at 17° dissolve 0:619 parts of casium alum,
2-27 parts of rubidium alum, and 135 parts of potassium alum
(Redtenbacher). By frequent recrystallization of the mixed alums,
the rubidium and casium can be readily separated from one
another. In order to prepare the pure salts it is only necessary
to precipitate the alumina by means of ammonia, and to ignite
when the sulphates are left, from which the other compounds
can be readily obtained.?

A third method of separation depends upon the formation of
an insoluble double chloride which céesium forms with stannic
chloride, CsSnCl,® Instead of stannic chloride, antimony
chloride may also be used, which is dissolved by concentrated
hydrochloric acid, and mixed with an acid solution of the mixed
alkaline chlorides. A white precipitate then falls possessing
the composition SbCl; + 6CsCL¢ The tin or antimony can be
readily separated from either of these compounds by sulphuretted
hydrogen, and on evaporating the solution, pure casium chloride
remains behind.

As an illustration of the method by which the relative
quantities of rubidium and cesium can be delermined in a
* wixture of the chlorides of the two metals, the following
determination by Bunsen may be quoted. The mixed chlorides
weighing 10348 grm. were precipitated by silver nitrate, and
thus 11404 grm. of silver chloride obtained. Let 4 signify

1 Allen, 8:ll. 4m. Journ. [2], xxxiv. 367.

K Godcffmy, Licbig Ann., elxxxi. 176.

3 Sharples, Sill. Am. Joum {2}, xlvii. 178
4 Godefiroy, Ber. Deut ch. Chem. Ges. viii. 9.
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the weight of w parts of chloride of rubidium and y parts
of chloride of cwesium, and let B signify the weight of silver
nitrate. Then we obtained the following equations-—

x = 3509638 — 3169064

y = 4169064 — 3-509638

Hence the mixture contains

@ = 6987
¥ =3013
100-00

The atomic weight of ceesium has been ascertained by the
analysis of the chloride by means of silver nitrate. Johnson
and Allen as well as Bunsen thus obtained the number 1327,
whilst Godeffroy obtained the number 132-3.

AMMONIUM SALTS.

103 The name volatile alkali was long ago given to ammonia as
pointing out its similarity to the fixed alkalis potash and soda.
In 1808, Seebeck made the interesting discovery that when
mercury is brought into a strong aqueous solution of ammonia,
and an electric current is passed through it, the metal increases
rapidly in bulk, giving rise to an amalgam-like mass. The
same observation was made almost simultaneously by Berzelius
and Pontin, whilst Davy, as soon as he was informed of the fact,
repeated the experiment and discovered that a piece of sal-
' ammoniac moistened with water might be employed instead of
aqueous ammonia. Davy also noticed that the same amalgam-
like mass is formed when an amalgam of potassium is thrown
into a concentrated solution of sal-ammoniac. Hence he, like
Berzelius, came to the conclusion that ammonia must contain
oxygen, and that in this experiment, it, like potash and soda,
had been reduced by the electricity to a metal-like body. To
this metal-like substance, which was supposed to exist in this
amalgam, they gave the name of ammonium. This view of the
constitution of the ammonium compounds was objected to by
Gay-Lussac and Thénard, who, from their experiments on the
subject, carried ont in the year 1809, concluded that the forma-
tion of the amalgam is due to a combination of the ammonia

.
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with hydrogen. They arrived at this result from observing that
the amalgam undergoes rapid spoutaneous decomposition into
mercury, ammonia, and hydrogen gas. Arguing from analogy
the French philosophers were inclined to believe that in like
manner potassium and sodium could not be considered to be
true metals, but were rather the hydrogen compounds of the
alkalis. In reply to these objections, Davy and Berzelius showed
that the hydrogen which was evolved arose from the decom-
posing action of the metallic ammonium upon the water which
adhered to it, in the same way as when sodium and potassium
are thrown into water, hydrogen is evolved. Berzelius con-
tinued for many years to hold the view that oxygen is contained
in ammonia, and he explained the fact that this element could
not be detected in the ammonia, by assuming that nitrogen
itself is an oxide of an element hitherto not isolated, to which
he gave the name of nitricum.

Ampére was the first, in the year 1816, to endeavour to explain
the analogy of the ammoniacal salts with those of the fixed al-
kalis. He showed that the differences in composition between the
salts of a fixed and those of the volatile alkali disappear when
we assume that, in the latter class of salts, a compound radical
exists composed of one volume of nitrogen to four volumes of
hydrogen; so that sal-ammoniac or hydrochloride of ammonia
may be regarded as the chloride of a metal-like substance to
which the name of ammonium had been given. In 1820, Ber-
zelius gave up his old view and accepted the ammonium theory.
He allowed that aqueous ammonia must be regarded as a
solution of ammonium oxide, and assumed that when anhydrous
ammonia unites with an hydrogen acid (a substance to which
we now give the simple name of acid) the ammonia combines
with the hydrogen of the acid to form the metal-like radical
ammonium, and that this becomes an oxide by union with the
oxygen of the water.

According to our present views the. ammonium salts are
considered as being derived from acids by the replacement of
their hydrogen by the radical ammonium. These salts are
isomorphous with the salts of potassium, and otherwise exhibit
a close analogy with them, as also with those of rubidium and
casium.

Ammonium Awmalgam. This substance, whose existence has
already been mentioned, is formed when a piece of moistened
sal-aminoniac is laid ou a platinum basin, a small quantity of



AMMONIUM CHLORIDE., 175

mercury poured upon it, and this brought in contact with the
negative pole of a galvanic battery, the positive pole being con-
nected with the platinum basin. It may be obtained, still more
readily, by throwing sodium amalgam containing 1 per cent. of
sodium into a concentrated solution of sal-ammonisc. The
mereury increases in bulk to upwards of twenty times its
original volume. Tt then contains from 06 to 09 per cent. of
its weight of ammonium. This amalgam forms a light, soft,
buttery mass which at low temperatures becomes crystalline
and decomposes, even at—29°, with evolution of two volumes
of ammonia and one volume of hydrogen. It may be dis-
tinguished from the amalgams of the alkali metals inasmuch as
it does not reduce the salts of silver and eopper.! Henee some
chemists have supposed that it must be regarded merely as
a solution of ammonia and hydrogen in mercury. Against this
view, however, it is to be remembered that neither of these
gases, cither alone or when mixed together, dissolves at all in
mereury.

104 Ammonium Chloride, NH,Cl. The history of this salt, well
known under the name of sal-ammoniac, has already been given
at page 378 of Vol. 1. 1t is found in the fumeroles of Vesuvius,
Etna, Hecla, aud other voleanoes, as well as in the cracks and
fissures in recent lava streams. Its forruation has also been
observed when large masses of coal undergo combustion, as
when a coal pit is on fire. The salt has also been observed in
guano from the Chincha Islands.

Sal-ammoniac originally served as th: source from which all
the ammoniacal salts were prepared. At present, however, they
are usually obtained from amronium sulphate, and from the
ammoniacal liquor of the gasworks both of which are prepared
on an enormous scale. The manufacture of sal-ammoniac is
simple enough. For this purpose the ammoniacal gas-liquor is
heated with lime, and the gaseous ammonia which is thus
evolved led into dilute hydrochloric acid until it is saturated.
The solution is evaporated and the sal-ammoniac purified by re-
crystallization from hot water. The best means of purifying the
.sal-ammoniac’ is, however, by the process of sublimation, and in
general sal-ammoniac oceurs in commerce in the sublimed form.
The vessel employed for this purpose consists of two parts. The
lower one is either a semi-circular earthenware vessel embedded
in an iron one, or consists entirely of a cast-iron basin. The sal-

1 Landolt, dnn. Chem. Pharm. Suppl. Band. vi, 342,
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ammoniac in the solid state is brought into this, and then a

semi-circular dome-like cover, either of earthenware, lead, or

iron, is placed over it, and this is luted tight with clay. In the

centre of the dome there is an opening which is left open during

the sublimation. Pure sal-ammoniac is also obtained by em-

ploying the same apparatus, but, instead of the impure salt,

a mixture of common salt, NaCl, and ammonium sulphate,

(NH,),80,, is heated, when sodium sulphate remains behind, sal-
ammoniac subliming as before.

Pure ammonium chloride is colourless and odourless and has

a sharp saline taste. It crystallizes from a saturated solution in

arborescent or feather-like growths which consist of an aggrega-

tion of small regular octohedrons, and other forms of the regular

system, as well as combinations of these; and often exhibit tra-

pezohedric hemihedry, so that the crystals appear to belong to the

hexagonal or quadratic system

(Fig. 88). From solution in

urea sal-ammoniac crystallizes

in cubes. ‘When the salt is sub-

limed, and the vapour quickly

cooled, it is precipitated in the

form of a light ecrystalline

powder known as flowers of

sal-ammoniac. The common

sublimed sal-ammoniac is a

semi-transparent, fibrous, crys-

’ Fo. 38. talline mass, which is so tough

that it is difficult to powder the

substance. For the purpose of obtaining it in a fine powder, a

concentrated solution is evaporated down, and constantly stirred.

When sal-ammoniac dissolves in water a considerable re-

duction of temperature takes place; 30 parts of salt dissolve

in 300 parts of water at 13-3° and the temperature is reduced

to —571 (Rudorff)» 100 parts of water dissolve at 0°28-4, at

10°32-8, and at 100° 772 parts of the salt! The boiling point

of the saturated solution is 115° Sal ammoniac is somewhat less

soluble in alcohol; thus 100 parts of alcohol of specific gravity

0:939 dissolve at 8° 12:6, and at 56° 301 parts of the salt.2 The

specific gravity of sal-ammoniac is 1-52. It is not volatile at

the ordinary temperature of the air, but when boiled with

¥ Allnard, Adnn. Chem. Pharm. cxxxiii. 292.
2 Gerardin, dan, Chim. Phys. [4], v. 129,
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water ammonia escapes in small quantity, and the solution,
which was perfectly neutral, becomes slightly acid. At higher
temperatures it evaporates completely, giving rise to a colourless
vapour, which, according to Bineau, has the specific gravity 089,
corresponding to a vapour density of 13:345, whilst the mole-
cular formula, NH,C], requires a deunsity of 26 69. Fiom the
fact of the abnormal density it has been argued that the sal-
ammoniac vapour consists of a mixture of equal molecules of
ammonia and hydrochloric acid. The truth of this supposition
was first experimentally demonstrated by Pebal! who allowed
the vapour of sal-ammoniac to ditfuse into an atmosphere of
hydrogen, when the lighter ammonia was found to diffuse out
and the heavier hydrochloric acid to remain behind. K. von
Than? then showed that if dry ammonia and dry hydrochloric
acid be brought together at a temperature of upwards of 350°,
at which point sal-ammoniac is gaseous, no change either of
temperature or of the volume of the gases is observed, whereas
if chemical union had taken place a change of both these would
naturally have been expected. Lastly, Marignac® observed that
in the volatilization of sal ammoniac nearly the same amount of
heat is absorbed as is evolved when ammonia and hydrochloric
acid combine. This fact of the dissociation of sal-ammoniac
can be readily shown by igniting a small piece of the solid in
a closed platinum erucible. On removing the lid after the salt
has been volatilized, and plunging a moistened piece of blue
litmus paper into the crucible, the litmus paper will be turned
bright red, proving the presence of free hydrochloric acid, the
ammonia having escaped. Deville,* on the other hand, does not
admit that sal-ammoniac is decomposed, as its vapour density at
1000° remains constant, a temperature at which ammonia itself
is converted into its elements.

Sal-ammoniac is used in medicine. In former days that
which came from Egypt was especially esteemed as a drug.
Large quantities are used in the processes of dyeing, and workers
in metal employ it in the processes of soldering and tinning, as at
a high temperature it either reduces the metallic oxide or con-
verts it into fusible chloride and thus gives rise to a bright
metallic surface. It is also of value in the laboratory both as a
reagent and as a convenient source of ammonia.

1 Ann. Chem. Pharm. exxiii. 199, % Ann. Chem. Pharm. cxxxi. 129,
3 Comptes Rendus, lxviii, 877, ¢ Jahresh, 1863, 87,

»



178 ALKALI METALS.

105 Ammoniwin Bromide, NH By, is very soluble in water,
and crystallizes in white cubes which taste like sal-ammoniac.

Ammonium ITodide, NH,I, is best obtained by saturating
ammonia with hydriodic acid. Tt crystallizes in colourless
cubes readily soluble in water and in alcohol. It deliquesces in
moist air and gradually assumes a yellow colour due to the slow
liberation of iodine. It is used in photography as it is soluble
in alcohol.

When a small quantity of iodine is gradually added to a
concentrated solution of ammonium nitrate, rendered alkaline
by potash, ammonium di-iodide, NH,I,, separates out as a
_brownish black mobile liquid. This substance is soluble in
alcohol and carbon disulphide. Water decomposes it into lodide
of nitrogen, NHI,, ammonium iodide, and hydriodic acid:

4NH,I,=NHI, + 3NH,I 4 3HL

Ammonivm Fluoride, NH,F, is obtained by saturating hydro-
fluoric acid with ammonia. The commercial hydrofluoric acid,
however, generally contains lead and other metals which must
be previously removed by the addition of a small guantity of
ammonium carbonate and sulphide. The clear acid liguid is
then evaporated in a platinum basin and saturated with solid
carbonate of ammonia. Ammonium fluoride crystallizes in
hexagonal tables or prisms. It has a sharp saline taste and
deliquesces in moist air. It is more easily soluble in water than
sal-ammoniac, and decomposes at the ordinary temperature when
in the moist state. It decomposes the silicates on being heated
with them with evolution of silicon tetrafluoride, and hence it is
largely used in mineral analysis and for etching npon glass.
This may be readily accomplished by allowing a solution of the
salt to dry upon the place which it is desired toetch. It cannot
be preserved in glass bottles but must be kept in vessels either
of platinum, silver, or gutta-percha.

Hydrogen Ammonium Fluoride, NH,F, HF, is formed when
a solution of the normal salt is evaporated at a temperature of
about 40°. It crystallizes in colourless rhombic prisms which
deliquesce slightly in the air and on heating evolve highly
irritating and acrid fumes,

Ammonium Chlorate, NH,C10, When ammonia is saturated
with chloric acid and the solution evaporated, this salt crystal-
lizes out in small needles which have a strongly acrid taste
and are very soluble in water and slightly soluble in absolute
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alcohol.  Heated to 102° the salt decomposes (Wiichter)
chlorine, oxygen, nitrous oxide and aqueous vapour Leing
evolved and sal-ammoniac remaining behind. Occasionally the
salt undergoes spontancous decomposition, When thrown on to
a hot plate it decrepitates like ammonium nitrate.

Ammonium Perchlorate, NH,CO,, is obtained by saturating
ammonia with perchloric acid. It forms rhombic crystals
which are isomorphous with potassium perchlorate and dissolve
in five parts of cold water.

106 Normal Ammonivm Sulphate, NH,), SO, We find this
salt mentioned by Libavius, but more accurately described by
Glauber, who recommended its use as a medicine. It wes long
known by the name of sal ammoniacum secretum Glauberi. This
salt is found in certain volcanic districts, especially in the neigh-
bourhood cf the boric acid fumeroles of Tuscany, and it is termed
by mineralogists mascagnite. Ammonium sulphate is prepared
on the large scale by heating the ammoniacal gas liquor with
lime and leading the ammonia which is evolved into dilute
sulphuric acid. The solution is then evaporated to crystalliza-
tion. Large transparent crystals belonging to the rhombic
system are deposited which are isomorphous with potassium
sulphate. Their specific gravity is 1'77. They possess a strong
salinc taste and dissolve at 0° in 71, at’ 20° in 76'3 and at 100°
in 975 parts of water. The salt is very difficultly soluble in
aqueous alcohol and does not dissolve in absolute alcohol.
Ammonium sulphate is used for the manufactire of other
ammonia salts and is also largely employed as a fertiliser in
artificial manures. .

Ammonium Nitrate, NHNO,. This salt was first prepared by
Glauber and was originally known by the name of nitrum
Slammans. It erystallizes, when its solution is slowly evaporated,
in rhombic prisms, but on boiling down it is usually obtained
in a fibrous mass. Its specific gravity is 17. It possesses a
strongly saline taste, and dissolves at the ordinary temperature
in half its weight of cold water, whilst it is still more soluble
in hot water. In dissolving a considerable reduction of tem-
perature takes place. Thus if 60 parts of the salt be dissolved
in 100 parts of water at a temperature of 13°6 the temperature
of the liquid sinks to — 13°6, whilst if water at 0° be taken the
temperature of — 16>7 is obtained, this being the freezing point
of the solution (Guthrie). It is also easily soluble in alcohol.
When the dry salt is thrown on a red-hot plate it decomposes
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with the evolution of a yellow flame and a slight explosion, into
nitrogen, water, and nitric oxide, whereas if it be gently heated
it decowposes into water and nitrous oxide, a small portion of
the salt subliming unchanged.

Ammonium Nitrite, NHNO, Berzelius describes the best
means of preparing this salt to be to add a solution of sal
ammoniac to silver nitrite solution. The clear solution is then
evaporated over sulphuric acid. An indistinctly erystalline mass
is obtained, but this, as well as its aqueous solution, decompos:s
when heated, into water and nitrogen.

107 Normal Ammonium Phosphate, (NH,),PO,, is obtained
as a crystalline semi-solid mass when hydrogen di-ammonium
phosphate is supersaturated with concentrated aqueous ammonia.
It crystallizes from its solution in dilute ammonia in short
prismatic needles. These contain three molecules of water of
crystallization and are moderately stable in the air, but on boil-
ing the aqueous solution two-thirds of the ammonia is evolved.

Hydrogen Di-ammonium Phosphate, H(NH,),PO,, occurs in
guano from Ichaboe (Herapath) and is easily formed when
a solution of phosphoric acid containing an excess of ammonia
is allowed to evaporate; transparent monoclinic prisms are thus
deposited.

Di-hydrogen Ammonium Phosphate, Hy(NH,)PO,, is formed
when aqueous phosphoric acid is added to ammonia until the
solution reddens litmus paper, and is no longer precipitated by
barium chloride. It crystallizes iu tetragonal prisms and is iso-
morphous with the corresponding potassinm salt. :

H ydrogen Ammonium Sodiwm Phosphate or Microcosmic Selt,
HNaNH,PO, + 4H,0. The old alchemists were aware that
this peculiar salt can be obtained from urine, but Marggraf was
the first to examine with care the salt which crystallizes from
evaporated urine and to show that it contains a volatile alkali,
whilst Proust found in 1775 that sodium was contained in this
compound. The salt was first termed sal wrine fizum in contra-
distinction to the sal urine volatile or ammounium carbonate,
but it was also termed sul microcosmicum, being obtained from
the human body. This compound is also found in guano
(Herapath). ' ‘

In order to prepare the compound five parts of common
rhombic phosphate of soda are dissolved in hot water together
with two parts of crystallized phosphate of ainmonia and the
solution is allowed to cool. Transparent monoclinic prismatic
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crystals separate out, having a specific gravity of 155 and pos-
sessing a strongly saline taste. They melt readily on heating
giving off water and ammonia and leaving a residue of the di-
hydrogen sodium orthophosphate which again at a high tem-
perature welts with loss of water, forming a clear liquid, and
this on cooling yields a glassy mass of sodium hexametaphos-
phate. This substance is used largely as a blowpipe reagent.

108 Carbonates of Ammonium.—Commercial carbonate of
ammonia, sal-volatile, or salt of hartshorn, forms the starting-
point of these compounds. This substance was well known to
the later alchemists who prepared it by the dry distillation of
evaporated and decomposed urine, hartshorn, bones and other
animal matters. Its preparation from sal-ammoniac was first
described by Basil Valentine in the 15th century but long after
this it was supposed that the volatile alkaline salts obtained
from various sources possessed different medicinal power, and
even up to the end of the 17th century English drops, which
were really nothing more than carbonate of ammonia mixed
with an ethereal oil, were sold at high  prices and it was stated
by some that the volatile alkali contained in this substance was
prepared by the destructive distillation of silk, whilst others
gave the remarkable receipt that five lbs. of skulls of persons
who had been hanged or otherwise come to an unnatural end
must be distilled with two 1bs. of dried vipers, hartshorn, and
ivory. More rational views concerning the composition of these
compounds were arrived at towards the end of the 18th century.
Dossie in his Elaboratory laid Open published in 1758 distinctly
states that the same animal substances always’yield an equally
efficacious kind of volatile alkali.

Commercial Carbonate of Ammonia, commonly known as the
sesquicarbonate, is cbtained by subliming a mixture of two parts
of chalk and one part of sal-ammoniac or sulphate of ammonia,
This operation is conducted in iron retorts furnished with leaden
receivers, and ten parts of sal-ammoniac yield from seven to eight
parts of the carbonate. The salt is then resublimed with the
addition of some water, and thus a white semi-transparent fibrous
1mass isobtained which has a strongly ammoniacal smell and a pun-
gent caustic taste. This salt possesses the composition N,H,,C,0,,
and consists of a compound of hydrogen ammonium carbonate
with ammonium carbamate ; thus, H(NH,)CO; + NH,CO,NH,
By treating the salt with strong alcohal the carbamate can be
dissolved whilst the ammonium carbonate remains undissolved.
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This same decomposition takes place when the salt is exposed
to the air, the carbamate undergeing slow volatilization.

The imparities liable to oceur in the commercial salt are thio-
sulphate, sulphate, and chloride of ammonium, lead from the re-
ceiver, and lime and calcium chloride from the chalk employed.

Normal Ammonium Carbonate, (NH,),CO, + H,0. Dalton
first prepared this salt by treating sal-volatile with a quantity of
water insufficient to dissolve it completely. It is also obtained
when ammonium carbawate is dissolved in water:

v e . {ONH
co{oxm + H0 = CO {ONH:

It is however most readily prepared by digesting the common
commercial carbonate of ammonia for two hours at a temperature
of 12° with strong aqueous ammonia and drying the crystalline
powder which remains behind between blotting paper.

Transparent tabular or prismatic erystals are deposited from a
solution prepared at a temperature of from 30° to 35°. These
possess an ammoniacal odour, attract moisture from the air and
become opaque from loss of ammonia and formation of hydro-
gen ammonium carbonate and water (Divers.)?

Hydrogen Ammonium Corbonate, or Bicarbonate, HINH,)CO,.
Crystals of this salt are sometimes found in Patagonian guano
and in the purifiers of gas-works. It is formed when the foregoing
compound is allowed to lie exposed to the air, or when its solution
is treated with carbon dioxide. It forms a white mealy powder,
or, when slowly crystallized, large rhombic erystals, which have a
cooling saline taste and do not smell of ammonia when in the
dry state. At 60° it slowly undergoes decomposition with evo-
lution of carbon dioxide, ammonia, and water. When it is more
strongly heated in such a way that a small quantity of water
condenses and the gases are not-allowed to recombine, the ordi-
nary comtmercial carbonate of ammonia is formed (Divers).
This salt-dissolves at 15° in 8 parts of water. Its solution when
exposed to the air, as well when heated above 36°, loses carbon
dioxide, but its saturated solution can be crystallized by cooling
out of contact with air. It is not soluble in alcohol but if the
aleoholic mixture be allowed to stand in the air carbon dioxide
is evolved and normal carbonate of ammonia dissolves. 1t forms
a double salt with the former compound having the composition
2H(NH)CO, + (NH,),CO, + H,0, which may be most easily

} Chem. Soc. Jowrn. xxiii. 171.
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obtained by treating the commercial salt at 30° with a moderate
amount of tolerably concentrated ammonia and crystallizing.
This double salt forms flat rhombic prisms or thin six-sided
tables, smells strongly of ammonia and dissolves at 15° in 3
parts of water. It is decomposed by an excess of water with
formation of the bicarbonate.

109 Ammonium Cyanide, NH,CN. When a mixture of sal-
ammoniac and dry ferrocyanide of potassium, or mercury
cyanide, is heated, this salt sublimes in colourless cubes which
smell of both ammonia and hydrocyanic acid. It is easily
soluble in both water and alcohol and evaporates at a tempe-
rature of 86°. The vapour is inflammable and burns with a
yellow flame. It is an extremely poisonous salt and decomposes,
especially in the moist state, into azulmic acid.!

Ammonium Cyanate, NH,OCN, is formed when the vapour
of cyanic acid is brought into contact with dry ammonia. It
forms a tlocculent crystalline mass, easily soluble in water and
difficultly soluble in absolute alcohol. The salt is obtained in
solution by decomposing lead cyanate with ammonia at a
moderate temperature. This salt, as is well known, easily
undergoes molecular change into isomeric urea.

Awmmonium Thiocyanate, NH,SCN, is formed by the dry
distillation of organic bodies containing both nitrogen and
sulphur. Hence it is always found in the ammoniacal gas
lignors. According to Liebig it is best prepared by saturating
two parts of ammonia of specific gravity 095 with sulphuretted
hydrogen; six parts of the same ammonia and two parts of
flowers of sulphur are then added, and this is mixed with the
hydrocyanic acid obtained from the decomposition of six parts
of yellow prussiate of potash. The mixture is then warmed for
a considerable time on a water-bath, then boiled and filtered, and
the filtrate evaporated to the crystallizing point. In this way
35 parts of ammonium thiocyanate are obtained :?

HON + (NH,),S + S = NH,SCN + H(NH,)S.

A simpler plan is that proposed by Millon: it consists in
mixing together 15 parts of aqueous ammonia, 2 parts of
carbon disulphide, and 15 parts of 88 per cent. spirits of
wine, After standing for twenty-four hours one-third of the
liquid is distilled off and the residue allowed to crystallize3

! Vol. I, p. 659, ! Ann. Chem. Pharm. Ixi. 126.
3 Journ. Pharm, [3], xxxviii. 407.



184 ALEALI METALS.

Ammonium thiocarbonate is first formed in this reaction, and
this on heating decomposes into sulphuretted hydrogen and
the thiocyanate. Claus recommends that three to four times
the above-mentioned quantity of carbon disulphide be used.!

The salt is very easily soluble in both water and alcohol, and
crystallizes in colourless plates. If 100 grams of this salt be
dissolved in an equal weight of water at 17°, the temperature
sinks to — 12° (Rudorff). The perfectly dry salt melts at 169°,
and begins to decompose 1° above this point (Reynolds: see Vol. L,
p. 654).

SULPHIDES OF AMMONIUM.

110 Ammonivin Monosulphide, (NH,),S, is obtained when
two volumes of ammonia gas are mixed with one volume of
sulphuretted hydrogen and the mixture cooled to —18°, or when
potassium sulphide is treated with sal-ammoniac and the
vapours led into a freezing mixture. It forms colourless
glittering crystals soluble in water, which on exposure to-the
air pass into the next compound with evolution of ammonia.
The aqueous solution of the monosulphide is - obtained by
saturating aqueous ammonia with sulphuretted hydrogen and
then adding an equal volume of ammonia. Ammonium mouo-
sulphide is a strong sulpho-base.

Ammonium Hydrosulphide, H(NH,)S, is formed when ammo-
nia gas and sulphuretted hydrogen are brought together at the
ordinary temperature. It solidifies at 0° to colourless needles
or tables, which sublime at the ordinary temperature. An
aqueous solution is prepared by saturating ammonia with
sulphuretted hydrogen. The anhydrous compound, as well as
its aqueous solution and that of the monosulphide, becomes
yellow on exposure to air. This is due to oxidation, water and
higher sulphides being formed.

Ammonium Tetrasulphide, (NH,),S,. This compound is ob-
tained by cooling down the mother-liquor of the pentasulphide
and saturating it in turn with ammonia and sulphuretted
hydrogen. It forms crystals having a sulphur-yellow colour,
which lose their transparency on exposure to the air, and
yield on heating sulphur, ammonia, and ammonium hydro-
sulphide. It is easily soluble in water and alcohol.

Ammonium Pentosulphide, (NH,),S;, is obtained by mixing
a solution of ammonium hydrosulphide with flowers of sulphur,

1 Licbig’s Ann. cl xix, 112.
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and leading into this mixture first ammonia and then sul-
phuretted hydrogen until the cooled liquid solidifies. Then it is
heated to a temperature of 50°, and allowed to cool in absence
of air. Orange yellow rhombic prisms are deposited, which
dissolve in water with precipitation of plastic sulphur.

. Ammonium Heptasulphide, (NH,),S,, is formed by the de-
composition of the pentasulphide in the air. It is deposited
in the form of ruby-red crystals when this solution is allowed
to evaporate in the air:

3(NH,),S; = 2(NH,),S, + H(NH)S + NH,

On heating it decomposes, leaving a residue of sulphur. It is
decomposed by water, but not so quickly as the pentasulphide.

The preparation of the volatile sulphur compounds of am-
monia was known in early times. Thus, for instance, Basil
“alentine states that a blood-red oil may be obtained by dis-
tilling together common sulphur, quicklime, and sal-ammoniac.
He also says, “Take grey sulphur and quicklime a pound,
sal-ammoniac a fourth part ; rub these together, when a splendid
red oil is obtained, which fixes and refines.” Beguin was also
acquainted with this mode of preparation in the seventeenth
century, and this salt was known as spiritus sulphuric volatilis
Begquinii. Boyle in 1663 observed! that the vapours of this
body possess the power of blackening metals, and he therefore
termed it a volatile tincture of sulphur, and this same substance
was known to the later chemists as spiritus fumans Boylei.
This is a mixture of several sulphides of ammonia. Boerhaave
in 1732 was the first to mention the fact that flowers of
sulphur dissolved in ammonia. This substance was formerly
known as volatile liver of sulphur. The preparation of the
compound by leading sulphuretted hydrogen into ammonia was
described by Kirwan in 1786.

OXYAMMONIUM COMPOUNDS,

111 Hydrorylamine or Oxyammonia, like ammonia itself,
combines directly with acids, forming ecrystallizable salts, of
which the following are the most important:—

Oxyammonium Chloride or Hydrockloride of Hydroxylamine,

- NH,0Cl = NH,0.HCl. This salt crystallizes from a hot
saturated alcoholic solution in monoclinic prisms or plates. It

Y The Expertmental History of Colours, Experiment xxxiv. Boyle, Op. i. 754.
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is very soluble in water, and less so in alcohol. On heating it
decomposes into sal-ammoniae, hydrochloric acid, water, and
nitrogen. When a concentrated aqueons solution of this salt
is brought into contact with a solution of hydroxylamine in
absolute alcohol, the crystalline salt, (NH,0), HCI, is pre-
cipitated ; and when a concentrated solution of this latter salt
is niixed with one of the normal salt, large well-formed crystals
having the composition (NH,0),. HC] are deposited.

Ozyammonium  Sulphate or Sulphate of Hydroxylamine,
(NH,0),80,, crystallizes from aqueous solution in large mono-
clinic prisms, and is precipitated in the form of needles on the
addition of aleohol to its aqueous solution.

Oxyammonium Nitrate or Nitrate of Hydroxylamine, NH,0.NOj,
is obtained by decomposing a solution of the chloride with
silver nitrate, or one of the sulphate with barium nitrate. On
evaporating the solution over sulphuric acid an cily liquid
remains, which at — 10° solidifies to a white crystalline mass,
which melts again at the ordinary temperature. It is very
easily soluble in water and in aleohol, and its aqueous solution
decomposes on tie water-bath with the evolution of red
rapours,
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METALS OF THE ALKALINE EARTHS.
Caleium. Strontium. Barium.

112 THE term earth was used by the older chemists to designate
all those non-1netallic substances which are insoluble in water and
do not undergo alteration when exposed to a high temperature.
It was afterwards observed that some of these, such as lime and
magnesia, are closely allied to the alkalis, inasmuch as they
possess an alkaline reaction and easily neutralize acids. These
two hodies were termed ¢erras alcalinas, and this name was sub-
sequently applied to baryta and strontia. The alkaline earths,
like the alkalis, were supposed to be elementary substances
until Davy, in the year 1808, showed that each earth is a
compound of oxygen and a metal.

CALCIUM, Ca=39%9.

113 The very early application of mortar to building purposes
shows that the ancients were well acquainted with the proper-
ties of lime and its preparation by the burning of limestone.
In the writings of Dioscorides and Pliny we find a description
given of the process of lime-burning, as well as of that of slaking
lime. The name earth was at one time applied not only to lime
and the other alkaline earths, but also to silica, alumina, and

" magnesia. Indeed the alchemists believed that all earths con-

tained a common principle, known as primitive earth. For
many years lime was not distinguished from other earths, but
towards the middle of the eighteenth century it was noticed
that different kinds of the so-called earths existed.

Calcium occurs very largely diffused in nature, especially as
the carbonate which occurs in various forms, such as calc-spar,
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arragonite, chalk, marble, limestone, coral, &c. United with
carbonate of magnesia, as magnesian limestone or dolomite, it
forms whole mountain ranges, and this compound, when crystal-
lized, is known as bitter-spar. Many other minerals contain
calcium carbonate in isomorphous mixtures; amongst these
may be mentioned chalybite or brown-spar, (CaMgFeMn)CO,,
mangano-calcite, (MnCaMg)CO,; plumbocalcite, (CaPbh)CO,,
&e. Caleium also oceurs in large quantity as sulphate, eitlier
as the anhydrous compound, termed anhydrite, CaSO,, or in
the hydrated form, as selenite or gypsum, CaSO, + 2E,0.
Calcium phosphate, combined with calcium chloride or cal-
cium fluoride, occurs in the well-known minerals, apatite and
osteolite. Calcium borate is also found in nature combined
with many other metallic borates, whilst silicate of calcinm
occurs as an almost invariable constituent of all silicates.
The solid constituents found in river and spring waters also
consist mainly of calcium carbonate or calcium sulphate, and
these, as well as phosphate and fluoride of calcium, are found
in sea-water. Calcium salts form a never-failing component
of the bodies of plants and animals, and cannot be replaced by
any other salts. They accumulate in the leaves of plants; the
roots and seeds, as a rule, yield only small quantities of them.
The bones and teeth of animals contain large amounts of calcium
phosphate, together with some carbonate and fluoride. Egg
shells and .the shells of mollusca, on the other hand, chiefly
contain calcium carbonate. Calcium also occurs in the sun,
in meteorites, and in certain of the fixed stars. ;
Preparation of Metallic Caletuwm. Caleium was first prepared
by Davy by the electrolysis of calcinm chloride in the presence of
mercury, the calcium remaining as a metallic powder upon heating
the amalgam thus obtained. It was first obtained in a coherent
metallic mass by Matthiessen ! in 1856. A mixture in the pro-
portion of two molecules of calcium chloride to one molecule
of strontium chloride, with a small quantity of sal-ammoniac,
which mixture is more fusible than caleium chloride alone, is
melted in a small porcelain crucible in which a carbon positive
pole is placed, while a thin harpsichord wire wound round a
thicker wire, and dipping only just below the surface of the .
melted salt, forms the negative pole. The metal caleium is then
reduced in beads, which hang on to the fine wire, and may be -
obtained by withdrawing the negative pole every two or three

1 Jowrn. Chem. Sec. viii, 28,



i
|

CALCIUM MONOXIDE OR LIME. 18)

minutes, tozether with the small quantity of crust which is
attached to it. Calcinm may also be obtained by the modifica-
tion of the above piocess described under strontium. Frei ob-
tained it, by the electrolysis of the chloride, in globules weighing
from 24 to 4 grams. Auother process for obtaining the metal is
by fusing a mixture of one part of sodium with seven parts of
fused iodide of calcium in a closed iron crucible. The tem-
perature is first raised to a dull red-heat, and afterwards to a
bright red-heat.! Another process is to fuse three parts of
calcium chloride with four parts of zinc and one part of sodium.
In this way an alloy of zint and calcium is produced, which is
then heated in a crucible made of gas carbon until the zinc
volatilizes when the fused calcium is found in the form of a
button (Carom).?

Calcium is a yellow metal, which gives a yellow streak on
touch-stone. It is harder than lead, is tenacious and malleable,
and has a specitic gravity of 15778 (Bunsen and Matthiessen).
According to ¥rei it has the colour of aluminium, and is very
brittle® It may be preserved in perfectly dry air for many
days without undergoing oxidation; in mioist air it is readily
oxidized. When leated to redness in the air, it burns with a
very bright yellow light, and when thrown into water it decom-
poses the water with violent evolution of hydrogen.

CALCIUM AND OXYGEN.

114 Caleium Monoxide or Lime, Ca0O, is formed in the pure
state by the ignition of the pure carbonate, as Iceland-, or calc-
spar, or white marble, in a crucible which has a hole at the
bottom in order that the furnace gases may pass through it and
carry off the carbon dioxide; otherwise the decomposition is
not complete, as calcium carbonate undergoes no change in

| composition, in an atmosphere of carbon dioxide gas, even
- when heated to whiteness.

On the larce scale lime is burnt in kilns, the interiors of

| which are usually egg-shaped. The limestone is mixed up

~with coal or other combustible matter, one bushel of coal
"enelally sufficing to make five or six bushels of lime. In
| some cases an alch is formed over the fire-grate with lumips of
limestone, the kiln filled up with smaller pieces, a fire kindled

5 1 Liés Rodart, and Jobin, Aan. Chem. Plu/.s [3] liv. 364.
2 dnn. Chem. Pharmn, exv. 355. 3 Ann. Chem. Pharm. 183, 367,
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below the arch, and this kept up for thirty-six to forty-eight
hours. The kiln is then allowed to cool, the lime removed, and
a fresh charge introduced. Recently an improved and continuous
process of lime burning has been introduced. In these kilns, of
which there are several different kinds, the charge of limestone
and coal is added from time to time at the upper part of the kilu,
and the quicklime withdrawn at the lower part. A great saving
of fuel is thus effected, and the smoke which is always given
off from the common kiln is, in the improved kiln, drawn into
a high chimney and completely burnt.

Magnesian limestones require less fuel than pure limestones.
When a limestone contains much clay, care must be taken to
prevent the heat becoming too intense, as such limestone is apt
to vitrify, and is then said to be dead burnt. Such lime, if not
heated too strongly, slakes slowly, and istermed poor lime, whereas
a pure lime which slakes readily is termed rich or fat lime.

Pure lime is a white amorphous mass, which does not fuse
even at the temperature of the oxyhydrogen flamne, but it emits
an intense light when thus heated, giving rise to the lime-light.
Its specific gravity is 3-08. Lime has recently been obtained
crystallized in cubes by heating calcium nitrate in a porcelain
flask (Briigelmann).! On exposure to the air it absorbs water
and carbon dioxide. In addition to its technical use as a con-
stituent of mortars and cements, quicklime is employed in the
laboratory for drying gases and liquids, and in the analysis of
orgaunic compeunds containing chlorine, bromine, and jodine.

Calcium Hydroxide, Ca(OH),. This substance, also known as
hydrate of lime, or slaked lime, is obtained by pouring abont
one-third its. weight of water on to fresh well-burnt quicklime.
So much heat is evolved in the process that fires have not unire-
quently been traced to it. This production of heat can be very well
shown by strewing a few grains of gunpowder on to the lime whilst
it is being slaked, when the gunpowder will take fire. Slaked
lime is a white impalpable powder, having a specific gravity of
2:078 (Filhol). Calcium hydroxide is likewise obtained as a
white precipitate, when a solution of caustic potash or soda is
added to a tolerably strong solution of calciumi chloride. If a
very strong or saturated solution of calcium chloride be employed
in the above experiment, the whole mass becomes solid. This
fact was observed in 1686 by Francisco Lana, and described by
him as the “ chemical miracle.” Calcinm hydroxide dissolves moie

1 Pogg. Ann. 1877, p. 466.
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readily in cold than in hot water; 100 parts of water at 15°6
dissolve 0°1368 parts,and at 100° 0-0752 parts (Wittstein). The
clear solution, evaporated in a vacuum over sulphuric acid,

deposits the hydroxide either in the form of small tables or

of small prismatic crystals.

The solution of caleium hydrate, usnally known as lime-
water, possesses an alkaline reaction and taste. It quickly
absorbs carbon dioxide from the air, and is used in medicine
and in the laboratory. As the ordinary slaked lime often
contains small quantities of baryta and stroutia, together with
soluble salts of the alkalis, it is usual to treat the powder
several times with water, and only to employ the last solution.

Mk of Lime is caleinm hydroxide suspended in water.

Calcium Dioxide, CaO,, was discovered by Thénard, who
obtained it by precipitating lime-water with hydrogen dioxide.
In order to procure the substance in the pure state the hydrogen
dioxide must be added in excess to lime-water. The precipitate
pussesses the composition CaOg 4+ 8H,0, and consists of mricre-
scopie quadratic tables or prisms, which are difficultly soluble in
water and insoluble in alecohol: On exposure to the air the
crystals effloresce, and when heated to 130° they lose their water,
leaving behind a light powder of the anhydrous oxide. On
further heating the substance loses half its oxygen without
fusing.

SALTS OF CALCIUM.

115 Caleium Chloride, CaCl,. Isaac Hollendus in the fourteenth
century describes, under the name of sal-ammoniacum firum,
a substance which he obtained by heating together sal-ammoniac
and lime. Homberg in 1693 noticed that this salt, when fused,

* becomes phosphorescent, and heunce it was long known as Hom-

berg’s phosphorus. Calcium chloride is found in solution in
sea-water, and in many mineral springs. It likewise occurs
as a constituent of a few inerals, such as tachhydrite, CaCl,
+ MgCl, + 12H,0, and apatite 3Cay(PO,), + CaCl,.

In order to prepare pure chloride of caleium, chalk or white
maxble is dissolved in hydrochloric acid until the latter is nearly
saturated. Chlorine water is then added, in order to oxidize any
iron or manganese compounds which may be present. These
impurities are next precipitated by the addition of milk of lime,

1 Ann, Chim. Phys. viii. 313.
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and the precipitate is filtered off. The slightly alkaline solution is
then acidified with hydrochloric acid,and the solution evaporated
either to the point of crystallization or to dryness. Chloride of
calcium is obtained on the large scale as a bye-product in several
manufacturing processes, as in that of chlorate of potash, in the
ammonia-soda process, &e.

The hydrated salt crystallizes from a saturated solution in
large hexagonal| prisms, which have the composition CaCl,
+ GH,0. These melt at 290°, and deliquesce rapidly in the
air, forming a thick liquid, to which the name of olewm caleis
was formerly given. The ecrystals dissolve in water, pro-
ducing a considerable diminution of temperature; and if 1%
parts of the ecrystallized salt be mixed with 1 part of snow
the temperature sinks to—48°. Heated to 200° this hydrate
loses four molecules of water, and a white porous hygroscopic
mass remains behind, which is largely used as a means of dry-
inyg gases and organic lignids. If this hydrate is heated more
strongly, the anhydrous salt is obtained. This latter melts at a red-
heat, and solidifies on ¢ooling to a cryst:illine mass, which has a
specific gravity of 2:203, and is also used as a desiccating agent.
It dissolves in water with evolution of heat. 100 parts of
water dissolve the following quantities (Kremers):

At 100 40° 60°
CaCl, 6335 12048 138:89.

A solution of 50 parts of the anhydrous salt in 100 parts of
water boils at 112° one containing 200 per cent. boils at 158°,
and one containing 325 per cent. boils at 180°. Such solutions
are employed as baths for constant temperatures above 100°

Calcium chloride absorbs dry ammonia, giving rise to a volu-
minous powder having the composition CaCl, + 8N H,, which on
exposure to the air, on solution in water, or on heating, loses
ammonia, and which takes fire when thrown into chlorine gas.

If chloride of calcium solution is boiled with slaked lime
and the solution filtered hot, a basic salt separates out on cool-
ing in long white needle-shaped crystals, having the composition
ClCa-0-Ca(OH) + TH,0.

Caleium Bromide, CaBr,, and Caleium Iodide, Cal,, are salts
very similar in their properties to caleium chloride.

Caleium Fhuoride, CaF,, occurs as a mineral known as fluor
spar, which has from early times been used in the fluxing of
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ores, whence its name is derived. Agricola says: “ Fluores
lapides gemmarum similes sed minus duri, qui ignis calore
liquescunt;” and then further: “ Dum metalla excoquuntur,
adhibere solent, reddunt enim materiam in igne non paulo
fiuidiorem.”

Fluor-spar occurs largely in Derbyshire in veins, especially in
the celebrated litnestone caves in the Castleton valley. It is there
commonly known as Blue Jokn, and one of these large caverns is
termed the Blue John cave. It is also found in Saxcny and in
many other countries. It crystallizes in cubes and octohedrons,
and in combinations of these two forms, or in other forms belong-
ing to the regular system. In the pure condition it is colourless ;
in general, however, it has a blue, violet, red, green, yellow
or brown colour. Those samples which have a bright colonr are
worked up into vases, dishes, cups, &e. Caleium fluoride also
oceurs in small quantity in the ashes of certain plants, in bones,

Fic 39. Fic, 40

in the enamel of the teeth, in sea-water and in the- water
of certain mineral springs. It is very nearly insoluble in water
and dilute acids.

_When precipitated calcium fluoride, obtained by mixing a
solution of caleinm chloride with one of a soluble metallic
fluoride, is heated with water slightly acidified with hydro-
chloric acid, the precipitate is found to consist of microscopic
octohedrons.

The property which fluor-spar possesses of becoming luminous
when heated, giving rise to the term fluorescence, was first
mentioned by Elsholz in 1677, and further described by Leibnitz
in 1710.

Oualeium Ohlorate, Ca(Cl0,),. This substance is formed when
chlorine is led into hot milk of lime. It is prepared in the pure
state by precipitating potassium chlorate with calcium silico-
fluoride. It is very deliquescent, and crystallizes with difficulty.
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Chloride of Limeor Bleaching Powder. This well-known body
was originally considered to be a compound of chlorine and lime.
Balard, in 1834, was the first to give an explanation of the con-
stitution of this compound, and his explanation has from that
time been generally adopted. According to this view bleaching
powder is a mixture of calcium hypochlorite and calcium
chloride, Ca(OCl), + CaCl,. Another view of the constitution
of bleaching powder has been taken by Odling. He looks upon

this substance as a kind of double salt, Ca { 8101 being at the

same time a cliloride and a hypochlorite.

Chloride of lime is obtained by the action of chlorine gas
upon dry slaked lime. When chlorine is passed into milk of
lime, a reacticn which is analogous to the formation of Eau de
Javelle (Vol. I. p. 264) takes place:

2Ca(OH), + 2Cl, = CaCl, + C4(0CI), + 2H,0.

If, however, dry slaked lime be employed, a large proportion
of the lime remains unaltered. This fact was formerly explained

by the supposition that the calcium chloride produced, forms a -

coating round the particles cf lime which prevents the further
action of the chlorine. But even if the mixture be from time
to time well rubbed down in a mortar, and then again treated
with chlorine, it is not possible to obtain a material containing
more than 40 per cent. of available chlorine. Hence this sub-
stance wonld appear to be a mixture of basic salt with chloride
of calcium, according to the formula:

8Ca(OH), + 2C1, = ‘?Ca{ O+ CaCl, + 2H,0.

If water be added to this product the soluble chloride dissolves
and the basic hypochlorite decomposes as follows :1

{ OCl1 (OH {ocl

2Cyon=%{0m L OCL

C + Ca

Bleaching powder is obtained on a very large scale in the
alkali works as a means of employing the residual hydrochloric
acid. For the purpose of evolving the chlorine required for the
manufacture large stills are employed, shown in Figs. 41 and 42.
These are made of Yorkshire flag soaked in tar, the joints being
rendered tight by india-rubber rope on which the stone rests, as

1 Stahlschmidt, Dingl, Polyt. Journ. ccxx. 243.
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shown in Fig. 41. The material now usually employed for the
generation of chlorine from hydrochloric acid, is the manganess
dioxide, obtained by precipitation in what is known as Weldon’s
process. (A) is the tap for admitting the hydrochloric acid;
(B) is the inlgt to admit the finely divided precipitated man-
ganese mud ; () the lute and pipe to carry off the chlorine; (D) a
pipe made of ebonite through which steamn is led for the purpose
of heating the mixture. Fig. 42 shows the plan of the same
chlorine-still.

The chlorine gas passes from the still into large chambers of
which Fig. 43 shows the elevation and end-section, and Fig. 44
the corresponding plan. These chambers are sometimes made of
lead, sometimes of Yorkshire flag, and sowetimes of iron plate
covered with asphalt varnish. They are generally sixty feet
long, eighteen feet wide, and seven feet in height. Dry slaked
lime is filled into the chamber in such quantity that a layer of
from four to five inches covers the bottom. The whole is ridged
with a rake made for the purpose, the apex of each ridge
being from five to six inches, and the bottom of the valley from
two-and-a-half to three inches above the floor. The chlorine
is delivered through the pipe and lute (E). Considerable distance
is generally allowed between the chlorine-still and' the chamber
in order to permit of the condensation of moisture and the
cooling of the gas. (F)is the exit pipe connected with a fresh
lime chamber for the absorption of the surplus chlorine. () is
an exhaust pipe for drawing off the last remaining quantities of
the unabsorbed chlorine when the operation is complete. The
exterior view, Fig. 43, shows the doors and bolts and the gallows
for the swinging of the doors. The section shows the lime lying
on the bottom of the chambers, whilst the arrangement of
the pipes and lutes is seen in Fig. 44. In these chambers the
absorption of chlorine occupies about six days. After the lime
has been placed upon the floor of the chamber, chlorine is
turned on until the chamber is full, as seen by windows placed
at each end, the air and any surplus chlorine eseaping from the
chamber and passing by the circulating pipes into the next or
some other chamber where there is more fresh lime. The air
which is displaced from this, escapes either into the atmosphere
directly or into a third chamber. When the first chamber has
been filled with chlorine it is allowed to stand for about two days,
during which time the gas is completely or nearly completely
absorbed, and the lime is then found to contain from 25 to 30 per
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cent. of available chlorine. Any urabsorbed gas is then drawn off
by means of the exit pipe (), the doors are opened, and workmen
enter and turn the lime. After turning, the doors are closed,
and more chlorine is admitted, the quantity being left to the
judgment of the man in charge. Usually, however, enoagh is sent
in to raise the amount of chlorine after absorption for a second
period of two days to from 36 to 37 per cent. The unabsorbed
chlorine is then drawn off as before, and the powder packed and
sent to market. Occasionally a third treatment is necessary,
but this rarely occurs except in hot weather, when the absorp-
tion of the chlorine takes place more slowly than usual

In the old process of manufacture where native manganese was
always employed, from 90 to 100 parts of the ore, containing 60
per cent. of the dioxide, yielded 100 parts of bleaching powder
of 33 per cent of available chlorine. By Weldon’s process
nearly all the manganese dioxide can be regained from the
residual chloride of manganese, and is employed again for the
evolution of chlorine. A certain loss, however, takes place, and
from 5 to 8 per cent. of native manganese ore containing 60 per
cent. of Mn0, has to be added together with the regenerated man-
ganese dioxide in order to produce 100 parts of bleaching powder
of 35 per cent. strength. The quantity of hydrochloric acid
employed for the production of one ton of bleaching powder
varies in different works according to the care with which the
process is carried on. The usual practice is to make one ton
of bleaching powder from the acid evolved by the decomposi-
tion of three-and-a-half tons of salt. Some manufacturers, how-
ever, use considerably less than this, and Mr. Weldon believes
that the acid obtained from two tons of salt is sufficient for the
purpose. In practice it is found that 11 cwt. of caustic lime
are required to form one ton of bleaching powder. In the
preliminary slaking and dressing of the hme probably 1% cwt.
is lost. The lime ready for use contains about 25 per cent.
of water and 12 per cent. of carbon dioxide, so that 20 cwt. of
bleaching powder would be made up as follows:

Lime. . . 95 cwt.
Water: 25 per cent on the 100 39
of hydrated lime . 3

Chlorine: 35 per cent. on the 1 73
finished B, P-—say :

”

”»
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An improved form of bleaching powder chamber has been in-
vented by the late Mr. Deacon for the manufacture of bleaching
powder according to his patented process. The principles of
this process have already been referred to in Vol. 1., p. 114,
chlorine being obtained directly from the gaseous hydrochloric
acid of the salt-cake furnace without the employment of oxide of
mangaunese. In this process considerable quantities of nitrogen
pass into the chamber together with the chlorine, so that it is
necessary that a graduated systemn of absorption should be carried
out; the lime which is nearly saturated with chlorine, being
exposed to the strongest gas whilst the last traces of chlorine
are extracted by layers of lime comparatively fresh. These
chambers are shown in elevation and section in Figs. 45 and 46,
Chlorine gas mixed with nitrogen passes in through the tube (a),
being drawn over the lime by means of exhausters. Each
chamber or block is divided by vertical walls into 14 squares;
each section contains 19 shelves 20 feet long by 4 feet wide, and
the lime is spread on these to the depth of about five-eighths of
an inch. Part of the elevation shows the doors, which form the
sides of the chamber, in position; the other part shows the
arrangement of the shelves seen when the doors are down. The
end section shows the mode in which the shelves are arranged, and
the way in which the chlovine is divided into streams during its
passage through the lime. When the lime in one chamber has
come up to strength, small plates on each shelf are removed
from the top, and the bleaching powder simply falls intc a barrel
placed on a tram-car beneath, and in this way the product is
easily packed.

Commercial bleaching powder contains from 20 to 35 per cent.
of available chlorine. It forms a homogeneous white powder,
possesses a faint smell of hypochlorous acid, and gradually
becomes moist on exposure to the air.  When well mixed with
water it forms a creamy liquid. On exposure to the air it gradu-
ally decomposes with absorption of water and carbon dioxide.
When preserved in closed vessels it undergoes decomposition
under circumstances which are at present undetermined; and
this decomposition is occasionally so sudden, and the rise of
temperature so great, that explosions sometimes occur. When
heated it is decomposed into calcium chloride and calcium
chlorate, and the latter compound evolves oxygen on a further
application of heat. When a concentrated aqueous solution
of chloride of lime is allowed to evaporate over sulphuric acid
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in a vacuum crystals of caleinm hypochlorite are obtained,
having the composition Ca(OCl),+4H,0, but, owing to the
ease with which it undergoes decomposition, this salt is very
difficult to obtain in the pure state.!

Bleaching powder as well as the solution obtained by the
action of chlorine on milk of lime is largely employed in the
bleaching of cotton goods and of paper pulp.

The operations of bleaching cotton cloth are as follows :—

1. Boiling or “ bucking ” the eloth with milk of lime ; 14 1bs.
of cloth requiring about 11b. of lime, water being added to
this in sufficient quantity to cover the cloth. In this process
the resinous matters in the fibre are converted into lime soaps.

2. Washing to remove lime and soluble salts.

3. Souring in dilute hydrochloric or sulphuric acid of specific
gravity 1:0075 to decompose lime-soaps.

4. Washing to remove acid.

5. Bucking the cloth in dilute caustic soda-lye (170 lbs. of
soda-ash and 80 Ibs. of resin-soap to 3,500 1bs. of cloth) to remove
fatty matters and dirt.

6. Washing and subsequent immersion in a clear dilute solu-
tion.of bleaching powder of specific gravity 1-0025. This is
called “chemicking.”

7. Souring in very dilute hydrochloric or sulphuric acid
of specific gravity 1:0073, then washing and drying. )

The decomposition which takes place when acid is brought
into contact with bleaching powder is thus represented :

(1). CaCl, + Ca(OCI), + 4 HC1=20CaCl, + 2 H,0 + 2Cl,
(2) CaCl, + Ca(OCl), + 2 H,80, = 2 CaS0, + 2 H,0 + 2 O,

The theory of bleaching has already been explained, (see Vol.
I. page 266).

116 Chlorimetry. As chloride of lime is largely used in
manufacturing, it becomes important to be able to determine
the amount of available chlorine which it contains, that is, the
amount of chlorine which is evolved when hydrochloric or
sulphuric acid is added. to it. For the purposes of the manu-
facturer, it is especially important to possess a method hy means
of which this available chlorine can be quickly and accurately
determined. Of the many methods which have been proposed

1 Kingzett, Jowrn. Chem. Sce. xxviii. 404,
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we shall mention here only those which have been success-
fully introduced into practice.

Gay-Lussac,! in 1835, suggested a method which is still often
employed in woerks, This depends upon the fact that chlorine
in the presence of water oxidizes arsznious acid to arsenic acid :

H,AsO; -+ Cl, + H,0 = H,As0, + 2 HCL.

The solution of bleaching powder is added to a given volume of
the arsenious acid solution until a solution of indigo is bleached
by the free chlorine. By this process a small quantity of chlo-
rine is often lost, and Penot? has introduced an improvement
into the process. He employs an alkaline solution of arsenic tri-
oxide obtained by dissolving 6-98 grams of As,0; and 30 grams
of crystallized carbonate of soda in 200 cbe. of water and then
diluting this to one liter. In practice, ten grams of bleaching
powder are weighed out. To this a small quantity of water is
added in a mortar, and the whole is washed by degrees into
a liter flask which is then filled up with water to one liter.
This liquid is well mixed, and 50 cbe. of the turbid liquid
brought into a beaker glass; the arsenite solution is then
added from a burette, until one drop of the liquid does not
any longer turn blue a paper steeped in iodide of potassium
and starch.  During the addition of the arsenite solution
a drop of the liquid must be brought from time to time on to the
iodized starch paper, and when the blue colour begins to be only-
faintly seen, the arsenite solution must be added very gradu-
ally. In this way the exact .point of complete oxidation can
be readily reached. ~One cbe. of the arsenite solution corre-
sponds to 0005 gram of chlorine, so that the number of cbe.
employed gives at once the percentage of available chlorine
which the bleaching powder contains.

Another useful method for the valuation of bleaching powder,
which is often employed, is that suggested by Graham and
worked out by Otto. It depends upon the following reaction :

2 FeSO, + H,80, + Cl, = Fe, (S0,), + 2 HCL

For this purpose 0784 gram of pure crystallized proto-
sulphate of iron (ferrous salphate) is dissolved in water, a little
sulphuric acid added and the bleaching powder solution dropped
in from a burette until all the ferrous salt is converted into
ferric salt. The completion of the reaction is ascertained by

Y Ann, Chim. Phys. [2] 1x. 225. 2 Journ, Prac. Chem. lix, 59.
63
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bringing a drop of the solution together with a drop of potas-
sium ferricyanide on a white plate, until no further blue colora-
tion is observed. The calculation here is very simple, as the
above quantity of ferrous sulphate, FeSO,+ 7H,0, corresponds
to 0'1 gram of chlorine.

Wagner’s ! modification of Bunsen’s iodometric method (Vol.T.
p- 312), depends upon the fact that iodine and sodium thio-
sulphate decompose one another as follows :

2Na,S,0, + T, =2 Nal + Na,§,0,

For this purpose a standard solution of the thiosulphate is
prepared and then added from a burette to the bleaching powder
solution, to which a solution of potassium iodide has previously
been added. The reaction is complete when the brown colour
of the iodine disappears.

Calcium Sulphite, CaS0,, is obfained by mixing a solution of
a calcium salt with that of a normal sulphite. Tt forms a white
powder which dissolves in 800 parts of water. It is easily
soluble in sulphurous acid, and if this solution be allowed to
stand exposed to the air, six-sided needles separate out which
have the composition CaSO, + 2 H,0. A solution of this salt
in aqueous sulphurous acid is met with in commerce, under the
name of bisulphite of lime. It is obtained by passing sulphur
dioxide into milk of lime, and is used by brewers to give beer
stability.

117 Caleium Sulphats, CaSO,, occurs in nature in the anhy-
drous state in the mineral anhydrite which is often found in lime-
stone rocks, or together with deposits of common salt. More
generally, however, the substance occurs as gypsum, CaSO, +
2 H,0, found frequently in large monoclinic erystals and known
as selenite. The crystalline form of selenite is shown in Figs.
47 to 49. The crystals are frequently twins, and then exhibit
the peculiar form shown in Fig. 50.

It also occurs as fibrous gypsum or satin-spar, and as
crystalline gypsum or alabaster. This substance was known
from early times as a mineral closely resembling cale-spar,
because like the last it becomes brittle on burning. Tn 1746
Pott described these two substances as being different earths,
and stated that some chemists assumed that the substance
artificially produced by the union of sulphuric acid with lime

 Dingl. Polyt. Journ. cliv. 146.



CALCIUM SULPHATE. 203

was gypsum, and termed it gypsum artcfactum ; in 1750 Marg-
graf showed that these two substances were identical.

Gypsum has a specific gravity of 2:31. When heated to
110°—120° it loses the whole of its water and thus is converted
into burnt gypsum or plaster of Paris. This substance combines
with water, evolves heat, and subsequently solidifies. ~Upon
this property depends the technical use of gypsum. When
cypsum is heated above 200° it becomes dead-burnt, that is, it
can only take up water slowly and does not harden. After it
has been heated to 500° it also combines with water very slowly,
the comnbination going on for several wecks, but the product is
a hard mass, which is translucent like alabaster and is more
dense than ordinary gypsum. If it is then heated to 150° it
passes into the condition of ordinary burnt gypsum.!

One thousand parts of water dissolve at 0° 205, at 35° 2-54,
aud above 100° less than two parts of the salt. Its point of

Fre. 47. Fic. 48, Fic. 49. Fic. 50,

maximum solubility therefore lies about 35° (Poggiale). In
the presence of ammoniacal salts and common salt gypsum is
more readily soluble. According to Anton, 1,000 parts of a
saturated solution of common salt dissolve 8:2 parts of gypsum.
Gypsum is tolerably soluble in boiling hydrochloric acid and
nitric acid, and separates out from the acid solution on cool-
ing in glittering silky needles. When heated with sulphuric
acid to 100° it is changed into a porous mass, of which a part dis-
solves and separates out again on cooling. This consists of
microscopic prisms, which have the composition CaSO, + H,S0,:
it is decomposed by water into its two constituents. Gypsum
dissolves very readily in a solution of sodium thiosulphate.
1 Schott, Dingl. Polyt. Journ. ccii. b2 & 355,
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Gypsum is largely used as a manure, as a cement, for orna-
mental plaster-work, and for making plaster casts. The
artificial salt prepared by precipitating a calcium chloride solu-
tion with dilute sulphuric acid, is now known under the name
of pearl kardening or annaline, and is used largely by paper
makers as a filling for writing paper.

Calcium Potassium Sulphate, CaSO,+K,80,+H,0 This
componnd is formed when the solutions of the two salts are
mixed together (H. Rose). 'When an intimate mixture of equal
weights of the anhydrous salts is stirred up with less than
their weight of water, the mass becomes so suddenly solid
that it cannot be poured out of the vessel. If four to five parts
of water are employed, the solidification takes place somewhat
more slowly but still more rapidly than in the case of gypsum
alone. Casts made of this mixture possess a polished surface
and are in this respect superior to those made of gypsum.

Calcium Sodium Sulphate, CaSO, + Na,SO,, occurs in nature
as the mineral glauberite. Sodium sulphate does not act upon
plaster of Paris as potassium sulphate does. If, however, a
mixture of one part of precipitated calcium sulphate and fifty
parts of Glauber’s salt be heated to 80° with twenty-five parts
of water, a mass of needle-shaped crystals is obtained, which
have the formula CaSO, + 2 Na,S0, + 2 H,0, and these when
further heated are transformed into small crystals of glauberite
(Fritzsche).

Calcium Thiosulphate, CaS,0; + 6 H,0, is prepared by heating
calcinm sulphate with sulphur and water. It forms oblique six-
sided prisms, soluble in their own weight of cold water. When
the solution is heated to 60° the salt is decomposed with evolu-
tion of sulphur. This salt is used in the production of
antimony cinnabar, Sb,08,.

118 Caleium Nitrate, Ca(NO,),. The alchemist Baldewein or
Balduinus first prepared this compound whilst searching for a
method of absorbing the “ Spiritus mundi.” He dissolved chalk
in nitric acid, and observing that the solid product became rapidly
moist on exposure to air, concluded that this substance would
prove to be of great power. In the year 1674 he noticed that
the solid residue after being heated and then exposed to sunshine
appeared luminous in the dark, and from this time the compound
prepared -as above was termed Baldwin’s phosphorus. Calcium
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nitrate is very soluble in alcohiol as well as in water, and is a
deliquescent salt. The anhydrous salt is a white porous mass,
sometimes used in place of calcium chloride for drying organic
liquids. 1t is often found as an eftlorescence on the walls of
stables and other places through which urine and other organic
liquids percolate. The name lime-saltpetre, or wall-saltpetre, has
been given to this salt, which was formerly universally employed
for the artificial preparaticen of nitre.

Phosphates of Calcium. Normal Caleium Orthophosphate or
Boae-phosphate, Cay,(PO,),. This compound oczurs together with
calcium Huoride in apatite, 3Cay(PO,), + CaF, or Ca,(P0,), +
Cay(PO,)F ; in which a portion of the fluorine is sometimes re-
placed by chlorine. Phosphorite and estramadurite are massive
varieties of apatite which occur in Estramadura, in Spain.
Coprolites, which are found in many sedimentary deposits, and
donbtless have an animal origin, consist mainly of caleium
orthophosphate. Another pure form of the same compound is
the mineral osteolite, and it also occurs as sombrerite, a
mineral found on some of the small islands of the Autilles,
especially Sombrero, and containing crystals of the mineral
ornithite Ca,(P0,), + 2H,0. Caleium phosphate is also the
chief inorganic constituent of bones, forming about 80 per cent.
of burnt bones; the other constituents being magnesium phos-
phate, calcium carbonate, and caleinwm fluoride.

Pure calcium phosphate is obtained as a white precipitate by
adding an excess of common phosphate of soda to an ammoniacal
solution of chloride of calcium. It is nearly insoluble in water
but is decomposed on long boiling into an insoluble basic salt,
Cay(PO,), 4+ Cay(PO)OH, and a soluble acid salt which dissolves.
This decomposition takes place slowly in the cold, and for this
reason an exact determination of the solubility of the ortho-
phosphate is imposssible! Caleium orthophosphate dissolves
readily in water containing ammoniacal salts, sodium nitrate,
common salt, and other salts. It is also readily soluble in
all acids, even in aqueous carbonic acid. This explains the
absorption of calcium phosphate by the roots of plants, which
accunulate it in the seeds and fruit.

Mono-kydrogen Calcium Orthophosphate, HCaPO,. When a
solution of caleium chloride is mixed with one of ordinary
phosphate of soda, a white crystalline precipitate of the above

1 R. Warrington, Journ. Chem. Sec. [2] xi. 983.
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compound containing two molecules of water of erystallization
is thrown down. This compound oceurs in nrinary concretions,
and is sometimes deposited from urine in microscopic crystals
grouped in rosettes or stell®, and known as stellar phosphate.
Tetra-hydrogen Calecium Phosphate, H Ca(PO,),. This salt is
obtained in rhombic tables by dissolving either of the foregsing

salts in the requisite quantity of phosphoric acid and allowing the .

solution to evaporate spontaneously. If this be treated with cold
water the hydrated mono-hydrogen phosphate HCaPO, + 2H,0
is formed, whilst with boiling water the samne anhydrous salt is
produced (Erlenmeyer).

Superphosphate of Lime. A mixture of the last-mentioned
compound and sulphate of lime is manufactured on the large
scale, and known in commerce as superphosphate of lime. It
is usually prepared by acting on bone-ash, coprolites, phospho-
rites, or other form of mineral phosphate by two-thirds of its
weight of sulphuric acid. This mixture is used for the prepara-
tion of phosphorus (Vol. I. 460), and is also largely employed
as a manure, especially for root crops.

Calcium Hypophosphite, Ca(PO,H,),, is used in medicine and
is prepared by boiling phosphorus with milk of lime. On
evaporating the clear solution, the salt crystallizes in bright,
flexible, four-sided prisms, which are insoluble in aleohol.

Calcium Silicates. These compounds exist in almost all
mineral silicates, Certain of the latter consist mainly, if not
altogether, of silicates of calcium (and isomorphous metals).
Amongst these the more important are wollastonite CaSiO;,
okenite H,CaSi,0s+H,0, xonaltite 4CaSiO, + H,0, gurolite
H,Ca,Si;0, + H,0, and apophyllite 4H,CaSi,0, + KF + 4H,0.

119 Caletuwin Carbonate, CaCO,. This compound occurs widely
distributed and in enormous masses in nature forming whole
mountain ranges, being found as limestone of various kinds,
marble, eale-spar, and chalk. It also forms the greater part of
ega-shells, shells of mollusca, coral, and is contained together
with phosphate of lime in burnt bones. Calcium carbonate
is dimorphous: it exists in the first place as calc-spar, its
specific gravity varying from 270 to 2:75, and it crystallizes in
hexagonal and chiefly hemihedral forms. Some of the more
important of these are seen in Figs. 51 to 59, a common twin-
cerystal being shown in Fig. 60. The primary form, Fig. 51,
is a rhombohedron having angles of 104°5" and 74°5. The
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second form of calcium carbonate is known as arragonite, having
a specific gravity of from as 2:92 to 3:28, and crystallizing in the
form of rhombic prisms, Fig. 61. Another crystalline form often
exhibited by arragonite is that of the penetration twins, shown
in Fig. 62. A distinction between the two minerals was first
drawn by Werner in 1788, and Haiiy showed somewhat later
that they crystallized in two distinctly different forms. For
many years this difference was believed to be due to the pre-
sence of strontia in arragonite, and it was not until 1819, when
Mitscheriich discovered the law of dimorphism, that it was

satisfactorily explained.
TS

Fie. 53.
Fie, 52.
Fie. 55. Fic. 56. Fie, 57.

When a calcium salt is precipitated by the carbonate of an
alkali-metal, or when carbon dioxide is passed through lime-
water, the precipitate which falls down is at first flocculent and
amorphous. That formed by passing a small quantity of carbon
dioxide through cold lime-water soon becomes crystalline, the
crystals being those of cale-spar, whilst arragonitic crystals are
deposited when the lime-water is hot (G. Rose). Cale-spar
crystals are deposited when a solution of calcium carbonate in
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carbonic acid is allowed to evaporate spontaneously at-the
common temperature ; but if the solution be heated to 90° arra-
gonitic crystals separate out.

Calcium carbonate is not insoluble in water, 1 liter of either
cold or boiling water dissolving about 18 milligrams. In presence

‘?....___--_._._.-__-_ €L
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Fie. 61,

of free ammonia or carbonate of ammonia it is still less soluble.
On the other hand, it readily dissolves in water containing car-
bonic acid in solution, and this fact was first noticed by Cavendish
in 1767. One liter of water saturated with carbon dioxide
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dissolves at 0° 070 gram of calcium carbonate, and at 10°, 0-88
gram. The solubility increases under an increase of pressure up
to 3 graiss per liter, but not beyond this point (Caro). If such
a solution be allowed to stand at the ordinary temperature,
six-sided prisms, having the composition CaCO, + 5H,0, sepa-
rate out. These crystals, which lose their water at 19°, are
sometimes found in the pipes of pumps and also adhering to
confervee in ponds. 'When a solution of calcium earbonate in
carbonic acid water is boiled, the liquid still contains in solution
34 milligrams of calcium carbonate per liter, and this solution
does not render lime-water turbid.!

MORTARS AND CEMENTS,

120 Ordinary mortar is a mixture of one part of lime made
into a paste with water, and three or four parts of sharp sand.
The completeness of the subsequent hairdening of mortar de-
pends upon the proper intermixture of the ingredients. Mortar,
although it sets in a few days sufficiently to give stability to a
structure, takes many years or even centuries to reach its maxi-
mum degree of hardness. It is difficult to explain the setting
and subsequent slow hardening of mortar. The first process of
setting appears simply to be due to the loss of water. At-
mospheric carbon dioxide iz then absorbed, and the calcium
carbonate thus formed cements the sand and building material
together. A slow combination was formerly supposed to occur
between the limme and the silica of the sand. It has recently,
however, been shown that this is not the case, the hardening of
the mortar appearing to depend on the change of caustic lime
into carbonate.?

Hydraulic Mortars. When limestone contains more than 10
per cent. of silica, the lime prepared from it yields a mortar
which possesses the property of hardening under water, and is
termed hydraulic mortar or Roman cement. Such lime can be
prepared by mixing ordinary lime with a due proportion of clay,
and carefully igniting the mixture. The original Roman cement
was made by mixing lime with a volcunic tufa found at Puzzuoli,
near Naples. The action of water upon the mixture of lime and
clay was formerly supposed to cause the formation of a hydrated

1 Hofmann, Jahresbericht, 1863,
3 Spiller, Clhem. News, xviii. 112,
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silicate of lime and alumina, which being hard and insoluble in
water, gives its peculiar property to the hydraulic mortar. This
explanation, however, appears to be incorrect, for Schott has
proved that Portland cement hardens better when moistened with
a solution of ammonium carbonate than with pure water, point-
ing to the formation of calcium carbonate as the cause of the
hardening.! If the clay present amounts to from 10 to 12 per cent.
the mortar takes some weeks to harden, whereas if from 25 to 35
per cent. of clay be present, as in Roman cement, the mortar
hardens in a few hours. Roman cement is largely prepared from
the nodules of septaria, which are fourd in the valley of the
Thames. Portland Cement is a hydraulic mortar, now very
largely manufactured from chalk and the clay found in the
valley of the Medway. The chalk and clay are thoroughly
ground together with water and the finely divided mixture
termed “slip,” dried and carefully burnt in kilns. The following
analyses of English (1 and 2) and German (3 and 4) Portland
cements give the composition of this substance :-—

1% 2. 3. 4.
Lime ... ... 5906 5506 62:81 57:83
Silica ... .. 2407 2292 23-22 2381
Alumina B G 800 527 938
Ferric oxide ... 341 546 2:00 522
Magnesia .. 082 077 114 1-35
Potash ... e TS 113 059
Soda ... vee 0BT 170 } ¢ 4 071
Calcium sulphate 285 175 1-30 111

Clay . ® 3 : i
Rz ._.}147 O AR N

CALCIUM AND SULPHUR

121 Culcium Monosuiphide, CaS, is obtained by heating the
sulphate with powdered coal or by leading a mixture of carbon
dioxide and the vapour of carbon disulphide over incandescent
lime (Schone). It forms a white mass insoluble in water, which
in moist air smells of sulphuretted hydrogen. Calcium mono-
sulphide is luminous in the dark after it has been exposed to
-, light. This fact was noticed in the year 1750 by Marggraf, who
obtained the sulphide by calcining gypsum with combustible

1 Dingl. Polyt. Journ. ccii. 434.
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matter. In 1768, Canton described a method of producing the
same effect by igniting calcined oyster-shells with sulphur;
hence this substance was long known under the name of Canton’s
phosphorus.

Caletum Disulphide, CaS,, is soluble in water, and is obtained
in yellow crystals which eontain 3 molecules of water when milk
of lime is boiled with an excess of sulphur and the filtered
solution allowed to cool.

122 Caletum Phosphide. When metallic calcium is heated
under rock oil with phosphorus the two
bodies combine. Calcinm phosphide can
also be obtained mixed with calcium
pyrophosphate as a red, brown, or almost
black mass, by passing the vapours of
phosphorus over incandescent lime. The
arrangenment employed for this purpose is
shown in Fig. 63. The crucible is filled
with lime, and the phosphorus contained
in the glass-flask is vaporized and passes
through an opening at the bottom of the
crucible on to the lime. This substance
is employed for the preparation of liquid
hydrogen phosphide as already described (Vol. I. p. 479).

DerecTioN AND ESTIMATION OF CALCIUM.

123 That certain calcium compounds impart a red colour to
the flame of a spirit-lamp was first observed by Ribbentrop in
1796. The spectrum of a non-luminous gas flame tinted by
caleinm salt exhibits a large number of lines of which the
green line Ca 8 is the most intense and characteristic. A second
scarcely less characteristic line is the intensely orange line
Caa. The other green and orange lines as well as a line in
the blue are much less intense. By means of the spectroscope
so small a quantity as y,%o grm. of calcium chloride, or
similar’ salt, may be detected. In order to detect calcium in
componnds which do not volatilize in the flame, but which
are decompos:d by hydrochloric acid, it is only necessary to
place a snall quantity of the powdered mineral on the loop
of a fine platinum wire, which loop has been previously-
dipped into dilute hydrochloric acid. The wire is then at once
brought into the hottest part of the flame, where the drop
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assumes the spheroidal state and gradually evaporates without
boiling. At the moment when the last portion of the liquid
evaporates, the lame becomes intensely coloured for a short time,
and a bright caleium spectrum flashes out, lasting a longer or
shorter time according to the amount of calcium present in the
compound. Silicates of calcium which are not attacked by
liydrochloric acid mnst be decomposed with a small quantity
of ammonium fluoride, the mixture then heated to redness and
the residue decomposed by dilute sulphuric acid and treated
as above. The delicacy of the spectrum reaction for calcium
is illustrated by the following experiments :—

(1) A drop of sea-water is volatilized on a platinum wire.
This at first exhibits simply the bright sodium reaction, but,
after the common salt has been volatilized, a weak calcium
speetrum is seen, and this flashes out brightly if the wire be
moistened with hydrochloric acid.

(2) If a drop of almost any mineral water such as that of
Diirkheim or Baden-Baden be brought on the wire. the lines
Naa Lia Caa and Ca g are seen.

(3) If the ash of a cigar be moistened with a drop of hydro-
chloric acid and then held in the flame, the following lines are
distinctly seen—~Naa, K@, Lia, Caa and Ca 8.

(4) A fragment of the difficultly fusible potash glass, such as
a piece of combustion tube wheu brought into the flame alone,
shows Naa and K a ; if treated with ammonium fluoride and
sulphuric acid, the lines Ca a and Ca 3 together with faint Li a are
likewise seen.

Calcium may be separated from the alkali-metals by the
addition of a solution of ammonium carbonate, ealcinm car-
bonate being precipitated. As has been stated, this latter salt
is not altogether insoluble in water, and it is, therefore, pre-
ferable to precipitate the lime as calcium oxalate by the addition
of ammonium oxalate in neutral or ammoniacal solution, this
salt being completely insoluble in water. This reaction is
usually employed for the determination of calcinm; the washed
and dried precipitate which has the composition Ca,C,0, +
2H,0 is either gently ignited, by which means it is converted
into the carbonate; or it is strongly ignited, when the carbonate
is converted into caustic lime. Calcium is also occasionally
determined as the sulphate. The precipitation by sulphuric
acid must, however, be made in presence of alcoliol, and the
precipitate must also be washed with the same liquid.

B
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The atomic weight of caleium was first accurately deter-
mined by Erdmann and Marchand,! by the ignition of cale-
spar and of precipitated calcium carbonate. From their
experiments it appears that when O =1596 and C =11'97 the
atomic weight of caleinm is 39:88, 39-90, 3993, or as a mean
of the three numbers 399. Baup ? obtained the number 39-87
as the result of the analysis of organic lime salts.

STRONTIUM, Sr = 872.

124 The name of the element is derived from that of Strontian,
a village in Argyllshire, in which a peculiar mineral, strontium
carbonate or strontianite, was first found. At first this mineral
was mistaken for barium carbonate, but in the year 1790 Craw-
ford suggested that it contained a peculiar earth, founding his
opinion upon experiments which had been made on the mineral
by Cruikshank. This was confirmed in 1792 by Hope? and
independently by Klaproth,* a year afterwards. Sir Humphrey
Davy in 1808 first obtained the metal strontium.

Strontium occurs chiefly as the sulphate or celestine SrSO,
and as the carbonate or strontianite SrCO, Many specimens
of arragonite and of cale-spar contain small quantities of stron-
tium carbonate; and the same may be said of many kinds of
limestone, marble and chalk, although the stroutium is gene-
rally present only in very small traces. Baryto-celestine is a
mineral which contains the sulphates of barivin and strontium,
and the latter compound occurs also in small quantities in
different varieties of heavy spar. Strontium occurs as a silicate
in brewsterite, H,(BaSr)ALSij0,;q + 3 H,0. Small quantities
of the chloride and sulphate of strontium occur in solution
in many brine-springs as well as in different mineral waters.
1t is also present in chalk waters, such as that of the London
basin. Strontium has also been found in sea-water and in the
ashes of Fucus vesiculosus.

Preparation of Metallic Stronttum. Davy obtained the metal
strontium Dby the electrolysis of either the moistened hydroxide
or of chloride of strontium. It can be more readily prepared

1 Ann. Chem. Pharm. lii. 210 ; Ixxvi, 219.

2 dAna, Chem. Pharm, lii. 212.

8 Account of & mineral from Strontian, Trans. Roy. Soc. Edinb. iv. 3,
4 Crell, Ann. 1793, ii. 189 and 1794. i. 99.
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according to the method employed by Bunsen and Matthiessen!
A small porcelain crucible having a porous eell in the middle
is filled with anhydrous chloride of strontium, mixed with a
little sal-ammoniac, the level of the salt within the cell
being considerably higher than in the crucible. The negative
pole which is placed within the porous cell consists of a very
thin iron wire, wound round a thicker one, and then covered
with a piece of tobacco-pipe stem so that only th of an inch
of it appears below ; the positive pole is an iron cylinder placed
in the crucible round the porous cell. The heat is regulated
during the experiment so that a crust may form in the cell.
The metal then collects under this crust without coming in
contact with the oxygen of th~ air. By this method pieces of
the metal weighing half a gram are sometimes obtained.

Metallic strontium can also be obtained, according to B. Franz,*
by repeatedly heating a saturated solution of chloride of strontium
with an amalgam of 250 grams of sodium and one kilogram of
mercury to a temperature of 90°. The strontium amalgam thus
obtained is quickly washed with water, and dried between folds
of filter paper. It is then heated in a current of hydrogen in an
iron crucible, by which means all the mercury is volatilized and
a regulus of strontium remains behind.

Strontium is a yellow metal somewhat harder than calcium
and lead. It may be hammered out into thin plates, and possesses
a specific gravity of 2'5. It melts at a moderate red-heat, and
is more electro-negative than calcium and the alkali-metals. Tt
oxidizes quickly on exposure to the air, burns brilliantly when
heated, and decomposes water violently.

STRONTIUM AND OXYGEN.

125 Strontium Monoxide or Caustic Strontia, StO. This sub-
stance is obtained in the form of a greyich white porous infusible
mass by the ignition of thé nitrate. When brought into contact
with a small quantity of water the monoxide unites with it to
form a white powder of strontium hydroxide, St(OH), This body
possesses a specific gravity of 3-625, and when strongly heated
is reconverted into strontia. The hydrate is casily soluble in
hot water, and the solution, on cooling, deposits transparent

b Quart. Jowrn. Chem. Soc. viii. 107,
3 Jowrn. prakt. Chem. cvii. 253,



SALTS OF STRONTIUM. 215

quadratic crystals of the hydrate Sr(OH), + 8H,0: 100 parts of
cold water dissolve 2:0 and of boiling water 4166 parts of the
crystals. Strontia water has a strongly alkaline reaction and
possesses caustic properties less marked than the solutions of
the alkalis.

Strontium Dioxide, Sr0,, is obtained in the form of a crystal-
line hydrate, $10,+8H,0, by mixing a solution of the hydrate
with ‘hydrogen dioxide, when pearly scales of the hydrated
dioxide are deposited. These lose water on heating, leaving the
anhydrous dioxide as a light white powder which does not melt
at a red-heat but gradually loses oxygen (Schone).

SALTS OF STRONTIUM.

126 Strontiwm Chloride, S1Cly, is obtained by dissolving stron-
tianite in hydrochloric acid. The hot concentrated solution de-
posits, on cooling, long hexagonal needles, S1Cl, + 6H,0, which
are isomorphous with the corresponding hydrate ot calcium
chloride. They possess a sharp bitter taste, have a specific
gravity of 1-603, and effloresce on exposure to the air. On heat-
ing, these crystals yield the anhydrous salt as a white powder,
which melts at a high tewperature to a white semi-transparent
glassy mass having a specific gravity of 2:¥6. According to
Mulder 100 parts of water dissolve:—

At 0° 200 40 6 80° 100° 1188
SiCl, 442 539 667 831 924 1019 1164

Chloride of strontium dissolves in aqueous alcohol propor-
tionally to the percentage of water which the alcohol contains.
The commerecial salt frequently contains calcium chloride, from
which it may be purified by repeated crystallization from hot
water.

Strontium Sulphate, StSO,, is found in large well-developed
rhombic crystals-and as a fibrous amorphous mass. It generally
possesses a light blue colour, whence it takes its name celestine
(celestis). When sulphuric acid or a soluble sulphate is added to
a solution of a strontium salt, the sulphate is thrown down as a
white precipitate possessing a specific gravity of 3707 and fusing
when strongly heated. It is but very slightly soluble in cold,
and still less soluble in boiling water. One liter of water at the
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ordinary temperature dissolves 0145, and at the boiling-point
0104 gram (Fresenius). Strontium sulphate is much more
easily soluble in acids and in solution of common salt, as well as
1n other salt solutions, but less soluble in sulphates or dilute
sulphuric acid. When boiled with a solution of the carbonate of
an alkali, sulpbate of strontium is completely decomposed.
When the salt is dissolved in hot concentrated sulphuric acid,
crystals of celestine separate out on cooling, and when it is
treated with concentrated sulphuric acid at 100°, and the solution
digested with an excess of salt at a somewhat higher tempera-
ture, the compound H,SO, + SrSO, separates out as a granular
crystalline powder, which when exposed to moist air changes
into small glittering tables having the composition H,SO, +
SrS0, + H,0.

Strontium Nitrate, Sr(NO,),. is obtained by dissolving the
carbonate in warm dilute nitric acid. When the solution is
evaporated down, the anhydrous salt separates out in transparent
octohedrons or in combinations of the octohedron and the cube.
Strontium nitrate possesses a cooling taste. At 039 it has a
specific gravity of 2:962 (Schréder), and when thrown on to red-
hot charcoal it deflagrates, burning with a red flame. When a
dilute solution is cooled down, the hydrate Sr(NO,), + 4,0
separates out in large well-developed monoclinic crystals which
quickly effloresce on exposure to the air.  One hundred parts of
water dissolve, according to Mulder :

At 10° 20° 40° 60° 80° 100° 107°'9
Sr(NO,), 4016 708 913 946 972 1011 1029

Strontium nitrate is insoluble in concentrated nitric acid and
only very slightly soluble in absolute alecohol. ~Strontium nitrate
is largely used for pyrotechnic purposes.

Strontiwin Carbonate, SrCO,, occurs as strontianite in crystals
which are isomorphous with those of arragonite. This compound
is obtained in the form of a white impalpable powder having a
specific gravity of 362, if a strontium salt be precipitated by
an alkaline carbonate. 'When gently ignited it loses all its carbon
dioxide and is converted into strontia. According to Fresenius
1 liter of water dissolves 554 mgrms. of this salt. It is less
soluble in water containing ammonia, but dissolves consider-
ably in a solution of sal-ammeoniac and of ammonium nitrate.
When boiled with sal-ammoniac it is converted info strontium
chloride.

T ——
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DETECTION AND ESTIMATION OF STRONTIUM.

127 Strontium salts colour the flame a magnificent crimson.
The strontium spectrum consists of numerous bright lines of
which 8 are specially characteristic, 6 in the red, 1 in the orange,
and 1 in the blue. The orange line, termed Sr a, the red, Sr 3, and
Sry, and the blue line, Srd, are the most intense, and therefore
the most valuable for the discrimination of this element. By
meang of spectrum analysis ;4qoe mgrm. of strontiun chloride
can be detected. . Fox Talbot! was the first to describe the
spectrum of strontium. Ile examined the spectrum of the red
fire of theatres and distinguished many of the strontium lines
especially the blue line, Srd. In February 1834, Talbot writes,
“the strontia flame exhibits a great number of red rays well
separated from each other by dark intervals, not to mention an
orange, and a very definite bright blue ray. The lithia exhibits
one single red ray.” In order to detect strontium the bead
either alone or moistened with hydrochloric acid is brought
into the flame. If strontium is supposed to be present as sul-
phate the bead is held for a few moments in the reducing
portion of the flame and then moistened with hydrochloric acid
in order to convert the strontium sulphide, which is formed into
strontium chloride. The strontium salts containing non-volatile
acids are melted on a platinum wire with a small quantity of
sodium carbonate. The fused bead is then reduced to a fine
powder and dissolved in a little hot water, and the residue which
contains carbonate of strontia moistened with hydrochloric acid,
and the chloride brought on a wire into the non-luminous flame.

Strontium is separated from the alkali-metals by precipitation
with ammonium carbonate. If calcium be present at the same
time the strontium may be detected by adding a solution of
gypsum to the hydrochloric acid solution of the carbonate. If
strontium be present the solution will become turbid after
standing for a short time. Strontium is usually determined
quantitatively as the sulphate by precipitating the solution with
sulphuric acid in the presence of alcohol and washing the pre-
cipitate with a weaker alcohol. In order to separate it from
calcium the substances are converted into nitrates and these
treated with absolute alcohol which leaves the nitrate of strontium
undissolved.

1 Brewster’s Journ. of Science. v. (1826).
64
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The atomic weight of strontium was determined by Marignac,
who found that 100 parts of the pure crystallized chloride,
SrCl, + 6 H,0, required 80-998 parts of silver for complete pre-
cipitation, and that the same quantity yielded 68:855 parts of
strontium sulphate!

BARIUM, Ba = 136'8.

128 Our knowledge of the barium compounds commences with
that of the natural sulphate or heavy-spar. This substance
was first examined in the year 1602, by a Bolognese shoe-
maker, V. Casciorolus, who noticed that it possessed the remark-
able property of becoming phosphorescent when ignited with
combustible matter. To this material the discoverer gave the
name of lapis solis, but it became better known as Bolognian or
Bononian phosphorus, from the place in which it was first
prepared, whence specimens of the shoe-maker’s handiwerk
found their way into the laboratories of the alchemists of the
time. The mineral which yielded this phosphorus, termed
Bolognian spar, was first believed to be a peculiar kind of
gypsum, and hence it was termed gypsum spathosum. In
consequence of its high specific gravity, Cronstedt termed
it marmor metallicum, and Marggraf in 1750, finding that it
contained sulphuric acid, ranked it amongst what were then -
termed the heavy fluor-spars. The nature of this mineral
remained for some time obscure, and the learned mineralogist
v. Justi writes in 1760 concerning it as follows: “Our analysis
has here reached its limits; we know of no smelting operation
by which anything can be got out of this spar. Many profound
chemists and skilful assayers have liere tried their art in vain.”
The next step in our knowledge of this subject was made
in the year 1774, when Scheele, engaged in his investigation on
the black oxide of manganese, examined a specimen of this
mineral which he found to contain a new earth, and this when
brought in contact with sulphuric acid yielded a salt insoluble
in water, which could be brought into a soluble condition by
ignition with carbon and an alkali. Gahn afterwards showed
that this earth is contained in heavy-spar, and Bergmann gave
it the name ferra pondeross. Guyton de Morvean in 1779
proposed the name barote (from Bapvs, heavy), and this name,

1 dnn. Chem. Phar. cvi, 165,
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slightly altered to baryta by Lavoisier, was soon generally
adopted. The suggestion that this earth is the oxide of a metal
was frequently made, but the fact was not proved until after
Davy’s discovery of the decomposition of the alkalis.

Barium occurs in nature chiefly as the sulphate or heavy-spar,
BaSO,, which is often found together with galena and other
metallic ores, though also found not associated with metallic
veins. Another source of barium compounds, less widely dis-
tributed, is the carbonate or witherite, BaCO,; whilst other
minerals containing barium are barytocelestite, (BaSrCa)SO,,
barytocaleite, BaCO, + CaCQ,, alstonite, (BaCa)SO,, psilomelane
{MnBa)O + MnO, Many other ores of manganese, especially
manganese dioxide, contain small quantities of barium. Barium
also occurs as an essential constituent of certain silicates; thus,
for instance, brewsterite, H,(SrBa)AlSi O, + 3H,0, harmotome,
H,(K,Ba)ALSi.O,; + 4H,0 and hyalophane or baryta-felspar,
K;Ba,2AL8i0,. Many other felspathic rocks also contain
traces of barium, and this element occurs likewise in several
other minerals. Traces are found in mineral waters and in
sea-water. Thus. for instance, the old sulphur well at Harrogate
containg 66 grains of barium chloride per gallon (Hayton
Davis).! From sea-water, barium finds its way into sea-plants,
and in smaller quantities into the shells and skeletons of sea-
animals. g

Preparation of Metallic Barium. Davy’s first attempts to
obtain metallic barium were not very successful. He endeavoured
first to obtain it by the electrolysis of baryta. Afterwards tind-
ing that this did not succeed he prepared it from an amalgam,
having heard from Berzelius that he and Pontin had succecded
in obtaining it in that way. Davy repeated these experiments
and electrolysed baryta, barium chloride, and other barium salts
in presence of mereury, heating the amalgam which was thus
formed in a tube containing rock oil, when the barium was left
behind as a silver-white powder. According to Bunsen’s process
the metal may be obtained by electrolysing a thick mixture of
very dilute hydrochloric acid and barium chloride at a tempera-
ture of 100° in presence of mercury. In this way a crystallme
barium amalgam may be obtained, which, on heating, leaves
metallic barium behind in the form of a tarnished porous mass,
the cavities of which sometimes exhibit a silver-white surface.
The experiment is however more successful when a galvanic

1 Thorpe, Phil. Mag. [5), ii. 52. 3 Pogg. Ann. xci. 619.
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current is passed through barium chloride in a state of fusion,
the negative pole consisting of a fine harpsichord wire on which
the barium is deposited in the form of small globules. It
oxidizes very quickly, and burns brilliantly when heated in the
air!

The melting-point of barium appears to be higher than that
of cast-iron (Frey).

BARIUM AND OXYGEN.

129 Barium Monoxide or Baryta, BaO, is formed when the metal
burns in the air, but is usually obtained by heating the nitrate in
an iron crucible, until no further evolution of red fumes is
observed. The mass fuses and is apt to froth over unless care is
taken. Mohr has proposed to mix the nitrate with its own
weight of sulphate of barium; this prevents the frothing, and
for many purposes the presence of insoluble bariuth sulphate
does not matter. If only a small quantity of baryta is required
it is best obtained by igniting the iodate which gives off
its iodine and five-sixths of its oxygen without fusing or
frothing :

Ba(I0,), = BaO + I, + O,

Baryta forms a greyish-white porous mass which has a specific
gravity of 473 (Carston) and melts at a white heat. When
moistened with water it slakes with evolution of so much leat,
that if it is only sprinkled with water it becomes incandescent.

Barivin Hydroxide, Ba(OIL), is formed as a white powder by
the reaction just described. The hydroxide melts at a low red
heat, forming an oily liquid, which on cooling solidifies to a
crystalline mass, and this does not give off water even when
more strongly heated. It has a specific gravity of 4-495 (Filhol),
and when brought in contact with water forms a crystalline

, hydrate, Ba(OH), + 8H,0. This hydrate is soluble, and on

L vescooling a saturated solution it separates out in quadratic prisms

which are isomorphous with strontium hydrate. On exposure

to air these crystals fall to a white powder with loss of seven
molecules of water. One hundred parts of water dissolve:

At 0° 20° 40° 60° 80°
BaO 135 35 74 188 908 parts.

1 Matthiessen, dnn. Chem. Pharm. xciii, 277.
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A solution of the hydroxide is termed baryla-water, and i3
largely used in the processes of chemical analysis. It has a
more strongly alkaline reaction than lime-water, and rapidly
absorbs carbon dioxide. It is employed, as has been stated
iu Vol. T, p. 451, for the determination of the carbonic acid
contained in the atmosphere. It must for this purpose be free
from alkali. In order to ascertain this, a given volume must
be exactly precipitated with a standard oxalic acid solution.
To an equal volume a little pure precipitated barium carbonate
is then added, and the liquid treated again with the standard
oxalic acid. In the absence of an alkali the same volume of the
standard solution will in both cases be required for complete -
neutralization; but if an alkali be present more oxalic acid will
be required in the second case, inasmuch as an alkaline oxalate
is then first formed, and this in contact with the carbonate
yields an alkaline carbonate and barium oxalate, the decomposi-
tion going on until all the barium carbonate is converted into
oxalate. .

Caustic bharyta is prepared on the large scale from barium
sulphide. This 1s heated in earthenware retorts, into which a
current of moist carbonic acid is passed. Superheated steam is
then passed over the carbonate, when the following decomposi-
tion takes place .

BaCO, + H,0 = Ba(OH), + CO,,

Caustic baryta is now employed in the processes of sugar-
refining. instead of lime, as baryta forms an insoluble compound,
C,,H,,0,,Ba0, with cane sugar, whilst lime forms a soluble com-
pound with sugar but precipitates the acids and nitrogenous
substances from the juice. The barium-sugar compound is easily
decomposed by suspending it in water and subjecting it to the
action of carbonic acid gas, when the sugar dissolves, and
insoluble barium carbonate is precipitated. e e}
Barjum Dioxide, Ba0O,. When heated to redness in a current \ries- ¥
of dry oxygen, pure bar)t'z absorbs the gas with rapidity, 19023
forming the dioxide (Gay-Lussac and Thénard). The hydroxide
when heated to redness in a current of air also yields the
dioxide (Boussingault). The product thus obtained is a greyish
porous mass somewhat more fusible than baryta, which when
heated to a bright-red heat fuses with loss of one atom of
oxygen. It combines with water to forin the hydrate BaO, 4
8H,0. In order to prepare this substance in the pure state
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from the crude peroxide which usually contains silica, lime, and
iron oxide from the iron vessels in which it is prepared, it is
treated as follows. The finely powdered substance is thrown
little by little into dilute hydrochloric acid until this is nearly
neutralized. The solution on cooling is filtered, and baryta
water is gradnally added to this, until the silica and the metallic
oxides which it contains are thrown down, and a small quantity
of the hydrate is likewise precipitated. The liquid is then
filtered and concentrated baryta-water is added to the fil-
trate so long as a crystalline precipitate is formed. This is
then filtered off and washed with cold water.! The. hydrated
dioxide can be kept in the moist state in closed vessels without
undergoing decomposition, and it is employed for the preparation
of hydrogen dioxide.

When dried at 130°, barium dioxide is obtained as a white
impalpable powder scarcely to be distinguished from magnesia.
The pure compound is also easily obtained by heating a mixture
of caustic baryta and potassium chlorate in a crucible to low
redness (Liebig and Wohler). The mass is then dissolved in

water and treated as above described (Brodie). In order to

obtain bariwn dioxide on the large scale, Tessié de Motay and
Maréchal have proposed to heat a mixture of barium carbonate
and carbon in a reverberatory furnace when baryta and carbon
dioxide are formed :

BaCO, + C = BaO + 2 CO.

Oxygen is then allowed to pass at a high temperature over the
baryta, the carbon burning away and barium dioxide being
formed. Atmospheric air cannot be used instead of oxygen, as the
nitrogen combines to form barium cyanide.

SALTS OF BARIUM.

130 Bartum Chloride, BaCl,, is most readily obtained by dis-
solving witherite in dilute hydrochloric acid. As, however, this
mineral contains caleium, lead, iron, and manganese compounds,
an excess of barium carbonate is added to the solution and the
liquid allowed to remain in contact with it for -some time. In
this way the oxides of the above metals are precipitated and the
rapidity of the precipitation can be increased by the addition

1 Thomsen, Ber. Deutsch Chem. Ges. vii. 73.
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of a small quantity of baryta-water. The clear solution is then
neutralized with hydrochloric acid and evaporated to the point of
crystallization. Oa the large scale the salt is easily prepared from
heavy-spar. For this purpose 100 parts of the finely powdered
mineral are mixed with from 35 to 50 parts of carbon, from 15 to
25 parts of limestone and from 40 to 60 parts of calcium chloride.
This mixture is heated in a reverberatory furnace and the mass
lixiviated with water when insoluble calcium sulphide remains
behind and the barium dissolves as chloride. Chloride of
barium can also be prepared by means of the manganese chloride
which remains as a by-product in the manufacture of chlorine.
For this purpose the chlorine residues are neutralized with
chalk, evaporated down and heated to redness on a cast-
iron plate with a mixture of heavy-spar and silica. The mass
which contains barium chloride, manganese sulphide and a
small quantity of sulphide of iron, is lixiviated with warm
water. Should the solution contain any sulphide of barium,
which may be seen by the yellow colour of the solution, a small
quantity of manganese chloride may -
be added, and wvice versd should any
of the latter salt remain in excess it
is only necessary to add a sufficient
quantity of barium sulphide.
Barium chloride erystallizes from Fic. 64.
solution with two molecules of :
water, BaCl, + 2H,0. This forms colourless rhombic tables
(Fig. 64), which do not undergo any alteration in the air and
bave a specific gravity of 3-05. 100 parts of water dissolve:

At 10°  20° 30° 407 50° 60> 70° 80° 90° 107 104°
Baul, 333 357 382 408 436 464 494 524 556 588 603

Barium chloride is less soluble in dilnte hydrochloric acid than
it is in water. It is almost insoluble in the concentrated acid ; it
is also but slightly soluble in strong nitric acid and for this
reason these acids precipitate concentrated solutions of a barium
salt. Absolute as well as strong alcohol does not dissolve bariumn
chloride but dilute alcohol dissolves a small quantity, and this
increases in proportion to the amount of water present.
Crystallized barium chloride loses its water at a temperature
of 113° forming a white powder which melts at a red-heat and on
cooling solidifies to a translucent mass. On exposure to the air
the chloride in a state of fusion parts with a small quantity of
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chlorine, baryta being formed. Hence the fused salt usually
has an alkaline reaction. When heated in a current of steam
it emits bydrochloric acid at a temperature below its fusing
point. Barium chloride has an unpleasant bitter taste and
acts as a powerful poison. The chief use of barium chloride
is for the preparation of the artificial sulphate or permanent
white. 1t has also been successfully employed for the prevention
of incrustation in steamn boilers when permanently hard waters
are used. All the gypsum contained in solution is decomposed
by barium chloride, whilst any calcium carbonate present in
solution may be subsequently precipitated by milk of lime. The
water thus softened forms no incrustation.

Larium Chlorate, Ba(Cl0y),, is obtained by saturating aqueous
chlorie acid with carbonate of barium. The salt is easily soluble
in water and crystallizes in monoclinic prisms. It is also
slightly soluble in alecohol and the alcoholic solution burns
with a characteristic green flame. If a drop of sulphuric
acid 1s brought on to a mixture of the salt and powdered sugar
the mixtnre takes fire and burns with a bright green flame. If
barium chlorate in a state of fusion and very strongly heated
be plunged into an atmosphere of coal-gas combustion also
takes place, the oxygen of the chlorate being in this case the
burning body and the carbon and hydrogen of the coal-gas the
supporters of combustion.

Barium Iodate, Ba(l10,),. This salt is employed for the
preparation of iodic acid. It is obtained as a white granular
precipitate by adding potassium iodate to barium chloride (Vol.
I. p. 281). The barium iodate dissolves in 3,000 parts of cold
and 600 parts of boiling water. It dissolves in hot nitric acid
from which solution it crystallizes, on cooling, in bright glittering
monoclinic prisms which are isomorphous with the chlorate. 1t
dissolves in hydrochloric acid with evolution of chlorine.

131 Barium Sulphate, Ba€0,, is by far the commonest and
most widely distributed of the barium compounds, and occurs
as heavy-spar, which crystallizes in the rhombic system, Figs.
65 to 67.

If anhydrous Dbaryta be brought into contact with
fuming sulphuric acid, or even with sulphuric acid which
contains a small quantity of water, conibination takes place
with such force that the mass becomes incandescent. On the
other hand, pure sulphuric acid which has the exact composition
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H,SO, does not act upon baryta. But if the mixture be
touched in one place with a hot iron or with a moistened
glass-rod, combination begins and is at once propagated through-
out the mass (Kuhlman). Sulphuric acid and its salts pre-
cipitate the sulphate from a solution of a soluble barium salt
in the form of a erystalline powder. The pure mineral heavy-
spar has a specific gravity of 4486 (H. Rose), the precipitated
salt at 4° having a specific gravity of 453 (Schroder). 'This salt
is almost perfectly insoluble in water as one part requires
400,000 parts of water to dissolve it. It i1s somewhat more
soluble in dilute acids. If a salt of barium be heated with con-
centrated sulphuric acid, the sulphate dissolves to a certain
extent and separates out on cooling in crystals having the
composition H,S0, + BaSO,. If this acid solution be ‘exposed

4 \
Fic. 65, Fie. 66. Fic. 67.

to moist air bright silky needles are formed having the com-
position H,SO,+ BaS0,+2 H,0.

Finely ground colourless heavy-spar mixed with more or less
white lead is largely used as a paint. Artificial barium sulphate
is also manufactured on a large scale and is known as permanent
white. or blanc five. This preparation is largely used as a pigment
and is much to be preferred for this purpose to the finely
ground mineral; inasmuch as the latter, with' its crystalline
structure, is transparent and has but little “body ” or covering
power. In order to prevent the formation of finely divided
crystals a solution of barium chloride having a specific
gravity of 1-19 is precipitated in the cold with dilute sulphuric
acid having aspecific gravity of 1-245. The precipitate is washed
with cold water and sent to market in the wmoist state. In
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addition to its value as a paint, blanc fixe is largely used for
giving weight to cards and paper.

Bariwm Disulphate, BaS,0,. If powdered barium sulphate
be intimately mixed with fuming sulphuric acid it dissolves,
forming a syrup which on heating to 150° deposits the disulphate
in glistening granular crystals which do not melt on heating
and decompose at a dull red-heat.

Bariwm Dithionate, BaS,0,+2H,0. This salt is prepared by
decomposing the corresponding manganese salt with barium
sulphide. ~ On allowing the solution to evaporate in a warm
place glittering rhombic crystals of the salt are deposited. 1t
dissolves at 187 in 4:04, and at 100°in 1'1 parts of water. On
heating it is converteb without change of form into barium
sulphate

Barium Nitrate, Ba(NO,),. This salt is prepared on the large
scale either by decomposing the carbonate or sulphide by dilute
nitric acid, or by mixing hot saturated solutions of sodinm
nitrate and barium chloride. In cooling, the larger portion of
the nitrate of barium crystallizes out, and the remaining portion
is obtained by evaporating the mather liquors. Barium nitrate
crystallizes in cubo-octahedrons, and in other more complicated
forms of the regular system (Lewis). Its specific gravity is
32; it possesses an acrid taste and melts at a temperature
of 597° (Carnelley). 100 parts of water dissolve at

0° 10° 202 30° 40° 50°
Ba(NO,), 52 7:0 92 116 142 1571
60° 70° 80° 90° 100° 102°

Ba(NO,), 203 236 270 306 322 348

The salt is insoluble in concentrated nitric acid and in absolute
alcoliol and dissolves only sparingly in these liquids diluted with
water. Barium nitrate is largely used for pyrotechnic purposes,
especially for the preparation of green fire, and for the manu-
facture of an explosive powder known as sazifragin, which
consists of a mixture of 76 parts of nitrate of barium, 22 perts
of carbon, and 2 parts of nitre.

Silicates of Bartwm. It has been already stated that many of
these salts occur as crystalline minerals. Barium silicate is also
a constituent of baiyta-glass, a flint-glass in which the lead has
been replaced by barium. This will be described under Glass
Manufacture.
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Barium Silico-fluoride, BaSiFy. This compound is precipitated
in the form of small hard crystals, when hydroftuosilicic acid
is added to a solution of a_barium salt; it dissolves in 3,800
parts of water and is somewhat more soluble in hydrochloric
acid and hot water, but is nearly insoluble in aleohol.

Bariwum Carbonate, BaCO;.  Barium carbonate occurs in
nature as witherite. ~ This mineral was discovered at Leadhills
in Scotland by Withering in the year 1783. It crystallizes in
rhombic prisms and pyramids, is isomorphous with arragonite,
and is chiefly found in England, one of its miost celebrated
localities being Fallowfield in Northumberland. It also occurs
in Silesia, Hungary, Styria, Russia, Chili, and other places.
Alstonite (BaCa)CO, is isomorphous with witherite, and contains
the two metals in varying proportions. Baryto-calcite, on the
other hand, has the formule BaCO, + CaCO,, and crystallizes
in the monoclinic system.!

Artificial barium carbonate is a dense white powder ob-
tained when a solution of chloride of barium is poured into
an excess of a hot solntion of ammonium carbonate. One part
of the salt dissolves in 14,000 parts of water at the ordinary
temperature and in 15,400 parts of boiling water (Fresenius).

The salt thus artificially prepared is used in chermical analysis,
and powdered witherite is employed for the preparation of the
other barium salts and as a rat-bane.

BARIUM AND SULPHUR.

132 Barium Monosulphide, BaS, is obtained when sulphuretted
hydrugen is passed over heated baryta as long as water is formed.
On the large scale it is prepared by roasting 20 parts of slack
with 100 parts of heavy-spar. In order to assist the evolution
of the carbon dioxide sawdust may be added to the mixture.
Another proposal is to heat the heavy-spar with the asphalt
of tar-works, the hydrogen which is contained in this material
preventing the formation of polysulphides of barium (Lenoir).

Pure barium sulphide is a white powder which decomposes in
contact with water into barium hydroxide and barium hydro-
sulphide :

2 BaS + 2H,0 = Ba(SH), + Ba(OH),

1 Groth, Uebersicht der Mineralicn.



228 METALS OF THE ALKALINE EARTHS.

When a solution of 5 parts of the sulphide is boiled with
1 part of sulphur and the solution is allowed to evaporate in a
vacuum, colourless transparent six-sided tables of BaS+ 6H,0
are deposited. When these crystals are treated with a small
quantity of water, barinm bydrosulphide dissolves and barium
Liydroxide remains behind,

Borium Hydrosulphide, Ba(SH),, is obtained in the pure state
by saturating baryta water, or a solution of barium sulphide
with sulphuretted hydrogen. It crystallizes in transparent
colourless prisms and is insoluble in alcohol.

Barium Trisulphide, BaS;, is formed when 2 parts of barium
sulphide are fused together with 1 part of sulphur, the excess of
sulphur being distilled off at a temperature below 360°. - It is a
greenish-yellow mass which yields a yellow powder. At 400° it
neelts, with loss of sulphur, forming a dark black liguid. On
Loiling it for some time with water it dissolves, forming a red
liguid which on cooling deposits hydrated ecrystals of barium
monosulphide and barium tetrasulphide.

Borium Tetrasulphide, BaS, + H,0, When an aqueous soln-
tion of 7 parts of barium sulplide is boiled for some time
with 4 parts of sulphur, pale red rhombic prisms are deposited
which appear yellow by transmitted light and become of a lighter
tint on standing. It is easily soluble in water, yielding a deep
red-coloured lignid, from which it is precipitated in the form of
an orange yellow crystalline powder on the addition of alcohol,

Barium Pentasulphide, BaS;, When an aqueous solution of
the monosulphide is boiled with sulphur, a bitter alkaline
caustic yellow solution is obtained and ou evaporation this yields
crystals of barium tetrasulphide and sulphur:

BaS§; = BaS, + 8.

Bononion Phosphorus. The Bononian phosphorus which has
been already mentioned is best prepared by heating 5 parts of
precipitated barium sulphate together with 1 part of powdered
charcoal over an ordinary gas flame for 30 minutes, and then
igniting it more strongly over a gas blowpipe for ten minutes.
‘Whilst hot the mass must be filled into glass tubes and the tubes
sealed. After exposure to sunlight or to the light of burning
magnesium wire this mass phosphoresces in the dark with a
bright orange-coloured light. Strontium sulphate treated ia the
same way yields a mass which emits a faint yellowish grecn
light. If, however, the sulphide of strontium be ignited in a
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current of hydrogen gas a body is obtained which phosphoresces
with a green, blue, violet, or red light. If on the other hand
the carbonate of strontimm be ignited with sulphnr a mass is
obtained which gives a blue or emerald green fluorescence.
In this respect calcium salts do pot act so satisfactorily as those
of barium and strontium.! According to Thomson ? an addition
of 2 per cent. of manganese dioxide to calcium sulphide changes
the phosphorescence from green to orange. Tubes containing
these various phosphorescent powders can now be bought in
Paris.

DETECTION AND ESTIMATION OF BARIUM.

- 133 The non-luminous gas-flame is coloured a yellowish green
tint when any volatile barium compound is brought intoit. The
barium compounds yield the most complicated of the spectra of the
alkalis and alkaline earths. It is, however, at once distinguished
by the green lines Ba @ and Ba 8 which are by far the most dis-
tinct, appearing the first and continuing during the whole of the
reaction. Bay is not nearly so distinct, but is still a well-marked
and peculiar line. As the barium spectrum is more extended
than the spectra of the other metals, the reaction is not observed
with so great a degree of delicacy, but it appears from Bunsen's
experiments that about 1555 of a milligram of barium salt may
be detected with the greatest certainty. The chloride, bromide,
iodide, and fluoride of barium, as well as the hydrated oxide, the
sulphate, and carbonate, show the reaction best. It may be
obtained by simply heating any of these salts in the flame.
Silicates containing barium which are decoinposed by hydro-
chloric acid give the reaction, if a drop of hydrochloric acid be
added to them before they are brought iuto the flame. Baryta-
harmotome, treated in this way, gives the lines Ca a and Ca 8,
together with the bands Ba a and Ba 8. Compounds of barium
with fixed acids, giving no reaction either when alone or after
addition of hydrochlorie acid, should be fused with carbonate
of sodium as described under strontium, and the carbonate of
barium thus obtained examined. If barium and strontium
occur in small quantities togcther with large amounts of
calcium, the carbonates obtained by fusion are dissolved in
nitric acid and the dry salt extracted with .alcohol; the
residue contains only barium and strontium, both of which can

1 Foister, Pogg. Ann. exxxiii. 94 and 228.
2 Proc, Manchester Lit. and Phil. Soc., (1877} 86.
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almost always be detected. When we wish, to test for small
traces of strontium or barium, the residual nitrates are con-
verted into chlorides by ignition with sal-ammoniac, and the
chloride of strontium is extracted by alcohol. Unless one or
more of the bodies to be detected is prosent in very small
quantities, the methods of separation just deseribed are quite
unnecessary, as is seen from the following experiment:—A
mixture of the chlorides of potassium, sodium, lithium, calciunn,
strontium, and barium, containing at the most %; of a milligram
of each of these salts, was brought into the flame, and the
spectra produced were observed. At first the bright yellow
“sodium line, Na a, appeared with a background formed by a
nearly continuous pale spectrum; as soon as this line began to
fade, the exactly defined red line of lithium, Li a, was seen, and
still further removed from the sodium line the faint red
potassium line, K @, was noticed; whilst the two barium lines,
Ba a, BaB, with their - peculiar form, became visible in the
proper position. As the potassium, sodinm, lithium, and
barium salts volatilized their spectra became fainter and fainter,
and their peculiar bands one after the other vanished, until,
after the lapse of a few minnutes, the lines Caa, Ca B, Sra, Sr 3,
Srvy, and Sré became gradually visible, and, like. a dissolving
view, at last attained their characteristic distinctuess, colouring,
and position, and then, after some time, became pale, and
disappeared entirely. The absence of any or of several of
these bodies is at once indicated by the non-appcarance of the
corresponding bright lines.

Soluble barium salts are distinguished from those of stron-
tium and calcium, inasmuch as they are at once precipitated by
a solution of calcium sulphate. For the purpose of separating
barium from the other two metals, hydrofluosilicic acid may be
employed, which precipitates barium as an insoluble silico-
fluoride. If the sulphates of the three metals are boiled with a
solution of one part of carbonate of potassium and three parts
of potassium sulphate, or if they are treated in the cold with a
concentrated solution of ammonium carbonate for twelve hours,
the carbonates of strontium and calcium are formed, and these
may be removed- by washing with hydrochloric acid, whilst the
barium sulphate remains unaltered.

Barium is almost always estimated quantitatively as the
sulphate, and in some special cases as the carbonate,

The determination of the atomic weight of Larium has been
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made the subject of experiment by several chemists. The
experiments of Marignac are especially accurate. 100 parts
of crystallized chloride of barium precipitated 884067 parts of
silver, whence the atomic weight 136'84 is obtained. From
100 parts of the same salc he obtained 9543 parts of barium
sulphate, and these numbers confirm the first result.!

.

METALS OF THE MAGNESIUM GROUP,

Beryllium. Zinc.
Magnesinm. Cadmium,

134 These metals decompose water only at a high temperature.
They are volatile and burn with bright flame when heated in
the air. Fach metal forins only one oxide and ome sulphide.
With the exception of the slightly soluble magnesium oxide, the
oxides are insoluble in water. Tle sulphates of this group of
metals are soluble, the normal carbenates and phesphates
insoluble, in water.

BERYLLIUM, OR GLUCINUM, Be =9°03.

Vauquelin in 1798 was the first to detect the existence of
the oxide of this metal in beryl, this miueral having formerly
been regarded as a compound of silica, with lime or alumina.
The earth contained in beryl was shown by Vauquelin to
be a distinet body, differing from both lime and alumina, in-
asmuch as it forms a soluble sulphate which is incapable of
uniting with potassium sulphate to form an alum. Hauy had
previously observed that emerald is mineralogically identical with
beryl, and on examining the former mineral Vauquelin found that
it likewise contained the new earth. He did not give any special
name to this new earth, but the editors of the Annales de Chimie
gave it the name of glucina from yAukds sweet, because ite salts
possess a peculiar sweet taste. As, however, there are other
salts which possess the same property, the name beryllia,
derived from the mineral, was given to it by the Geiman
chemists,

1 dan. Chem. Pharm. cvi. 163,
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Beryllium occurs in many minerals, especially in beryl,
Be,ALSig05 = 3 Be0,A1,0,6810,. Beryl crystallizes in hexa-
gonal prisms, Figs. 67, 63, and 69, which usually have a green
colour, colourless beryl being seldom met with. The transparent
green-coloured varieties of beryl are known as emerald, those
possessing a bluish-green tint being termed aquamarine. Beryl
occurs also of a blue, yellow, grey, and rose-red tint. When the
mineral is transparent it is termed precious beryl; when trans-
lucent or opaque it is known as common bervl. Beryllium
also occurs in phenacite, Be,SiO, ; euclase, H,Be,AlSi,0,, =
H,0,2Be0,A1,05, 28i0,; and chrysoberyl, BeO,A1,0, as well
as in other minerals.

Metallic Beryllivm was first obtained by Wéhler in the year
1828 by fusing the chloride with potassium. Obtained in this way

F1e. 70.

veryllium is a dark grey powder, which, under the burnisher,
assumes a bright metallic lustre! Debray,2 however, first
obtained this metal in the coherent form by bringing together
the vapours of chloride of beryllium and sodium in a current
of hydrogen. For this purpose a glass tube is employed into
which a small boat, made of a mixture of clay and lime and
containing metallic sodium, is brought, and after it a similar
boat containing chloride of beryllium. As soon as the air has
been entirely displaced by dry hydrogen, the sodium and the’
chloride of beryllium are both gently heated, and the vapour of
the chloride is thus carried over the sodinm. A violent reaction
occurs, and the chloride is reduced to metal. In order to obtain
the metal in the coherent state the powder or mass of small
globules of metal thus obtained is again fused in a ecrucible
under chloride of sodium. The specific gravity of the metal is
1 Pogg. Ann, xiii. 577. 2 dnn. Chim. Phys. 3] xliv. 5.
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21; it possesses a bright silver-white colour, melts at a lower
temperature than silver, and when heated before the blow-
pipe becomes covered with a film of oxide which prevents
further oxidation. In the finely powdered state, on the other
hand, it takes fire when heated in the air and burns with great
brilliancy. The powdered metal dissolves in dilute acids: the
compact form is readily soluble in dilute hydrochloric acid,
but dilute sulphuric acid dissolves it only when warm, whilst
concentrated nitric acid does not attack it in the cold, and on
heating does so only slowly. The metal does not decompose
water even at a red heat (Debray). Ammonia does not act
either upon the powder or on the compact metal, but both forms
dissolve readily in caustic potash with evolution of hydrogen.

135 Beryllium Ozide or Beryllia, BeO. Several methods may
be employed for the preparation of this earth from beryl.
The powdered mineral may either be fused with three parts
of potassium fluoride and the fused 1nass afterwards treated
with sulphuric acid, or it may be fused with twice its
weight of potassium carbonate and then treated with con-
centrated sulphuric acid, and the liquid heated until the
silica which separates out is rendered insoluble. The solid
is then treated with water, filtered, and the solution evaporated
until a crust is formed, after which the liquid is set aside to
crystallize. After standing the mother-liquor is poured off from
the alum which has separated out, again concentrated, and then
allowed to crystallize, and thus almost the whole of the alumina
can be crystallized out as alum. The filtered solution is then
poured into a warm saturated solution of ammonium carbonate
and allowed to stand for some little time. The precipitate which
contains the alumina and the ferric oxide is again treated with
carbonate of ammonia, and the warm filtrates, which are poured
together, acidified with hydrochloric acid, the beryllia being
thrown down by ammonia, washed, dried, and ignited.!

Beryllium oxide is a white amorphous power having a specific
gravity of 3:08. When heated to the strongest temperature of
a wind furnace it assumes the form of microscopic prisms resem-
bling corundum (Rose). It may be easily obtained in this form
by the ignition of a mixture of beryllium sulphate and potas-
sium sulphate (Debray). Beryllia is perfectly insoluble in water,
and only dissolves in dilute acids when it has not been strongly

1 Joy, Silliman’s Joura. [2] xxxvi. 83,
65
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ignited. Concentrated boiling sulphuric acid dissolves it easily,
and if it be fused with an alkali, and the cold mass treated with
water, the beryllia goes into solution.

Beryllivm Hydroxide, Be(OH),. This is thrown down as a
gelatinous precipitate when a beryllium salt is precipitated with
ammonia. On drying, it forms a voluminous white powder
which is converted into the oxide by ignition. It is easily
soluble in acids, alkalis, and in ammonium carbonate.” When
the latter solution is boiled, a basic beryllium carbonate
separates out.

SALTS OF BERYLLIUM.

136 Beryllium Chloride, BeCl,, is obtained in the form of
white needle-shaped crystals when a mixture of the oxide and
sugar-charcoal is ignited in a current of dry chlorine gas. The
specific gravity of its vapour is 272! It is deliquescent, and
dissolves in water with evolution of heat. When the aqueous
solution is allowed to evaporate over sulphuric acid, colourless
crysials of the hydrated cliloride, BeCl, + 4H,0, separate out.
Beryllium chloride forms double salts with platinum chloride,
tin chloride, and mercuric chloride. Several basic chlorides have
also been described ; they are, however, not well defined.

Sulphates of Beryllium. The normal salt, BeSO, +4H,0,
crystallizes from a hot saturated solution in quadratic pyramids
which dissolve at the ordinary temperature in their own weight
of water, possess a sweet taste, and efiloresce on exposure to
the air. On heating, they melt in the water of ciystallization,
leaving the anhydrous salt, which decomposes at a red-heat, with
a residue of beryllia. A salt containing 7 molecules of water
separates out from an acid solution of the normal salt, in large
monoclinic erystals which retain one molecule of water of
crystallization even at 150°. According to Klatzko this salt is
isomorphous with maguesium sulphate, MgSO, + 7TH,0; this,
however, appears, according to Marignac, to bLe doubtful.
Beryllium readily forms basic sulphates. These are obtained
by boiling the normal sulphate with beryllium carbonate, and
form gelatinous or gum-like masses.

Berylisum  Nitrate, Be(NOy), + 3H,0, erystallizes with
difficulty. Jt is extremely deliquescent, and is easily soluble
in alecohol. When heated for twenty hours on the water-bath a

1 Humpidge, Proc. Roy. Soc. 38, 188,

B sl i | B
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thick mass is obtained, which is readily soluble in water. This
consists of the basic salt, Be(OH)NO, + IIL,0.

Phosphates of Beryllium. When a solution of beryllium nitrate
is mixed with one of phosphate of soda a white amorphous
precipitate of HBePO, + 3H,0 is formed, and this loses two
molecules of water when heated to 100°. If this salt be dissolved
in the minimum quantity of phosphorie acid and aleohol then
added, a gelatinous precipitate, which is a mixture of the above
salt with the tetra-hydrogen phosphate, H,Be(PO,),, is obtained,
the latter compound being soluble in water.

When a solution of sodium phosphate is added to a mixture
of beryllium nitrate and sal-ammoniac a granular crystalline
precipitate of (NH,),Na,Be(PO,), + 7TH,0 is formed.

Carbonates of Beryllium. The normal carbonate, BeCO, +
4H,0, is obtained by passing carbon dioxide for a considerable
time through water containing the basic carbonate of beryllium
in suspension. The solution is allowed to evaporate over
sulphuric acid in an atmosphere of carbon dioxide. Crystals
are then formed which readily decompose with evolution of
carbon dioxide.

When a solution of a beryllinm salt is added to an alkaline
carbonate, or when a solution of the oxide in ammonium carbon-
ate is boiled, a basic carbonate separates out as a white powder

which has the composition CO { 83:58{}% Be(OH), + 3H,0.

DETECTION AND ESTIMATION OF BERYLLIUM.

137 The salts of this metal do not impart any tint to
the non-luminous gas-flame. The beryllium spark-spectrum
contains two characteristic bright lines in the blue, having a
wave length of 4572 and 4488 (Kirchhoff and Thalén). These
lines are, however, not seen when the chloride is volatilized in
the electric arc (Bunsen).

Beryllium may be readily separated from all other metals by
the fact that its oxide is soluble in fixed alkalis, but insoluble in
carbonate of ammonia. In the process of analysis it is precipi-
tated together with alumina, and it may be separated from this
earth by treatment with carbonate of ammonia. For quantita-
tive estimation and for separation from alumina and ferric oxide
the method proposed by Joy (described on p. 233,) may be em-
ployed. The precipitate is treated with carbonate of ammonia,
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the basic carbonate of beryllium being converted by igniticn
into the oxide, which is weighed.

The atomic weight of beryllium has been determined by
Nilson and Pettersson? by analysis of the sulphate, and found
to be 9:08 whilst Kriiss and Moraht ? find it to be 9-03.

MAGNESIUM, Mg = 24'3.

138 Nehemiah Grew, a London physician living in the seven-
teenth century and for some time secretary of the Royal Society,
published in the year 1695 an account of a peculiar salt found
in the well-known mineral spring at Epsom under the title « De
salis cathartict in aquis Ebshamensibus et alits contentt nature
et usu.” The medicinal value of this salt soon afterwards
became widely celebrated, and the salt was known in England
as Epsom-salt, and on the Continent as English-salt. The
presence of the same substance was soon afterwards deteeted in.
other English mineral springs, and George and Francis Moult in
the year 1700 established a large manufactory of the salt near
London, obtaining it from a spring at Shooter’s Hill. In 1710
Hoy discovered that the same salt could be obtained by crystal-
lization from the mother-liquors of sea-water after addition of
green vitriol (ferrous sulphate). The same salt was subsequently
shown to exist by Fr. Hoffmaun in the Sedlitz mineral water.
Another compound of magnesium having medicinal value was
also discovered at the beginning of the eighteenth century by
a Roman ecclesiastic and termed by him magnesia alba. Why
this name was given to itin contrast to magnesia nigra—as black
oxide of manganese was then called—is not known. The mode of
preparation of this substance was for some years kept secret, until
in the year 1707 Professor Valentini, of Giessen, pointed out
that magnesia alba can be obtained by boiling down the mother-
liquors from the preparation of nitre and igniting the residual
products. Shortly afterwards, in 1709, Professor Slevogt, of
Jena, prepared the same substance by the precipitation of salt-
petre mother-liquors with a fixed alkali. The substance thus
obtained was a mixture of calcium carbonate and magnesium
carbonate in varying proportions, and hence its medicinal action
was very variable, and a satisfactory discrimination between
lime and magnesia was rendered more difficult. The distinction
between these two earths was first clearly pointed out by Black

1 Ber. Doutsch. Chem. GQes. xiii, 1451,
8 Jbid. xxiil. 2556,
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in the year 1755. He showed that white magnesia is a com-
pound of fixed air with a peculiar earth, which. differs from
lime in yielding a soluble sulphate. The properties of the
new earth were subsequently more completely investigated by
Bergman in 1775, but Black retained for it the name of
magnesia. When Davy proved that this earth was the oxide
of a metal, the name of magnium was given by him to the metal,
the name magnesium or manganesium being at that time used to
designate the metal contained in pyrolusite. This confusion was
put an end to by the general adoption of the name magnesium
for the metal contained in magnesia alba, and of manganese for
that contained iu pyrolusite.

Magnesium is a metal widely distributed in nature. It is
found as magnesite, MgCO,, dolomite, (MgCa)CQ, ; kieserite
MgSO, + H,0 ; kainite, MgSO, + KCl + 6H,0 ; carnallite, MgCl,
+ KCl1 4 6H,0; spinelle, MgOALO,; asbestos (MgCa)SiO;;
tale, H,Mg;$i1,0,,; meerschaum, H,Mg,Si,0,+ H,0, and as the
chief constituent of many silicates such as augite, olivine, tour-
maline, and serpentine, whilst it is contained in smaller quantities
in most of the other silicates.

Magnesium sulphate, MgSO,+7H,0, is a chief constituent
of certain saline springs, whilst the chloride, MgCl,, occurs in
salterns and in sea-water. Magnesium is also found in the
animal and vegetable worlds. The bones of animals and the
seeds of the cereals contain small quantities of magnesium
phosphate, and ammonium magnesium phosphate separates out
from the urine on standing, thus giving rise to many urinary
deposits as well as to gravel and stone. The same salt likewise
occurs in guano.

139 Preparation of Metallic Mognesium. Davy was the first
to prepare metallic magnesium, but he did not obtain it in the
pure state. It was first obtained us a ‘coherent metal by
Bussy! who fused the anhydrous chloride of magnesium with
potassium. Bunsen afterwards obtained it by the electrolysis
of wagnesium chloride, which is for this purpose fused in a
porcelain crucible? This crucible is dividéd into two by a
vertical diaphragm made of the cover of a porcelain crucible
rubbed down to the right shape (Fig. 71); on each side of this
are placed the two poles made of gas carbon ; the carbon of the
negative pole is cut so as to form pockets, as shown in Fig. 72,

1 Journale de Chimie Medicale Ann. 1830. p. 141,
3 Ann. Chem. Pharm. Ixxxii. 137,
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inside which the metal is deposited : unless this precantion
be taken, the metal, being lighter than the fused chloride,
1ises to the surface and burns. As it is diffieult to prepare the
pure chloride, Matthiessen employed a mixture of the chlorides
of potassium and magnesium in nearly equal proportions,
namely, in the ratio of 3 molecules of potassium chloride to 4
of magnesium chloride.! ~After having mixed the two salts in
the proper proportions together with some chloride of ammonium
the mass may be fused and electrolysed as in Bunsen’s method.
The pockets are, however, not required in this case, as the metal
is specifically heavier than the fused mixture. A very conve-
nient and simple way to reduce the metal, especially applicable
for the lecture-table, is in a common clay tobacco-pipe over a gas
flame, the negative pole being
an iron wire passing through
the pipe stem, and the positive
pole being a piece of gas-coke
just touching the surface of the
fused chloride.

Magnesium is now prepared
on the large scale according to
the method proposed by Caron

Fre. 71. Fie. 72. and Deville? For this purpose
a mixture of 600 grams of fused
chloridc of magnesium, 480 grams of finely-powdered fluor-spar,
and 230 grams of sodium in small pieces is thrown into a red-hot
crucible, which is then closed with the cover. After a short time
a violent reaction takes place,and as soon as this is complete the
contents of the crucible are stirred round with an iron rod in
order to unite the small globules of metal into larger masses.
To avoid the somewhat troublesome preparation of the anhy-
drous chloride, Wohler suggested the use of the fused double
chloride of magnesium and sodium. Sonstadt, in place of this,
employed a mixture of potassium chloride and magnesium
chloride, which may be also obtained by fusing the mineral
carnallite. Care however must be taken that no kieserite is
present, otherwise explosions may occur.

The manufacture of magnesium on the large scale was first
effected by Sonstadt and Mellor. The process is essentially
that of Caron and Deville carried on on a larger scale, an

1 Journ. Chem, Soc. viti, 107.
3 Ann. Chim. Phys. (3] lxvii. 347.
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important improvement being the distillation of the crude
metal, as this usually contains carbon, silicon, and nitrogen.
The fact that magnesium can be readily distilled was indeed
discovered by Deville and Caron, but first technically employed
by Sonstadt. For this purpose, the crude magnesium is placed
in an iron crucible having an iron tube passing through from the
bottom to within an inch of the lid. The crucible is filled with
the crude metal to the level of the mouth of the tube, the lid
carefully screwed and luted down, and the air displaced by a
current of hydrogen or coal-gas. As the crucible becomes
heated the magnesium distils over, passing through the upright
tube into a box placed below, where, on the completion of the
operation, it is found in the form of a coherent mass which is
subsequently melted and cast into ingots or any other form that
may be required. Magnesium is now prepared on the large scale
by the Magnesium Metal Company at Patricroft near Manchester,
and also by the American Magnesium Company at Boston.
Matthiessen showed that the metal is malleable and duetile, and
he pressed a small quantity into wire. Great difficulty was
experienced in pressing it into wire on the large scale, but
now, by machinery contrived for the purpose by Mr. Mather of
Salford, the metal is pressed when in a semi-fluid state into
wire of varying thicknesses and of any required length, and
this afterwards flattened into ribbon.

140 DProperties. Magnesium has a brilliant silver-white colour.
It preserves its lustre in dry air, but in moist air it becomes
covered with a film of oxide. Its specific gravity is 1'75. It
melts at a red-heat and boils at a temperature somewhat
above that at which zinc volatilizes. It occurs in commerce
usually in the form of ribbon. When a piece of this is held
in the flame of a candle it burns with an intensely white light,
which has been seen at sea to a distance of twenty-eight miles.
The light from burning magnesium wire is rich in chemieally
active rays, so that it is possible to photograph by means of it.
Bunsen and Roscoe have determined the chemically active
value of this light compared with that of the sun! They
showed that a burning surface of magnesium wire, which seen
from a point at the sea’s level has an apparent magnitude equal
to that of the sun, effects, at that point, the same chemical action
as the sun would do if shining from a cloudless sky at the height
of 9° 53’ above the horizon. On cowmparing the visible bright-

1 Phil. Trans. 1859, p. 920.
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ness of these two sources of light it was found that the brightness
of the sun’s disc as measured by the eye is 524'7 times as great
as that of burning magnesium when the sun’s zenith-distance is
67° 22/, whilst at the same zenith-distance the sun’s chemical
brightness was only 366 times as great. Ilence the value of this
light as a source of chemically active rays for photographic
purposes becomes at once apparent. The application of mag-
nesium as a source of light has become of technical importance.
A burning magnesium wire of the thickness of 0-297 mm.
evolves as much light as 74 stearin candles of which five go to
the pound. If this light lasted ome minute 0987 m. of wire
weighing 0120 gram. would be burnt. In order to produce
a light equal to 74 candles burning for ten hours whereby
201bs. of stearin is consumed, 722 grams or 2} oz. of mag-
nesium would be needed.

The light from burning magnesium has been employed for
signalling, and for military and naval purposes, and it is especially
employed in pyrotechny. Metallic magnesium is also made
use of in chemical analysis, and in foxicological investigations,
-where, as it i3 perfectly free from arcenic, it may be used with
advantage in Marsh’s apparatus in the place of zine. It isalso
used in the estimation of nitrates and nitrites in drinking water,
and in other cases, as a reducing agent.

MAGNESIUM AND OXYGEN,

141 Mognesium Oxide or Magnesia, MgO. This substance is
formed when the metal burns in the air. It is also produced
by the ignition of any magnesium salt containing a volatile
acid. It is prepared on the large scale by igniting the carbonate,
magnesia alba, and it forms a very fine light powder known as
magnesia usta or caleined magnesie. It is almost insoluble in
~water, 1 part dissolving in 55,000 parts of both hot and cold
water (Fresenius). It is tasteless, but in the moist state turns
red litmus-paper blue. When ignited for some time it becomes
more dense, undergoing a change of specific gravity from 3:07
to 3:61. 'When heated in the oxy-hydrogen flame magnesia
melts, solidifying on cooling to an enamel-like mass which is
hard enough to scratch glass. When magnesia is ignited in a
enrrent of hydrochloric acid it is obtained in the form of regular
cubes and octohedrons, and if a mixture of magnesia and ferric
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oxide be treated in this way black octohedrons of magnoferrite,
MgO,Fe,0;, are formed together with those of MgO containing
a little ferric oxide; these are of a yellow colour, identical
with periclase,) a mineral found at Monte Somma, near
Naples.

Magnesium Hydroride, Mg(OH),. This compound is obtained
as a white precipitate when potash or soda is added to a wmag-
nesium salt. It occurs in nature as the mineral brucite, which
is found embedded in serpentine with other magnesium minerals.

Magnesia is largely used as a medicine and has been employed
by Caron for the purpose of making infusible crucibles.

SALTS OF MAGNESIUM.

142 Magnesium Chloride, MgCl,, is contained in sea-water, in
many .brine-springs, and in various salt-beds, and is at present
prepared in large quantities at Stassfurt. It is very soluble in
water, 100 parts of water dissolving at the ordinary temperature
about 130, and at the boiling point 366 parts of the salt. The
hot concentrated solution deposits on cooling needles or prisms
of the deliquescent hydrated salt, MgCl, + 6H,0. '

The hydrated salt is decomposed on heating, water and
hydrochloric acid being given off and magnesia remaining. In
order to prepare the anhydrous salt, sal-ammoniac is added to
the solntion ; this is then evaporated to dryness. and the residue
carefully heated until it is anhydrous, and afterwards ignited in
a platinum crucible. The clear fused mass solidifies on cooling,
forming a laminated crystalline solid which dissolves in water
with evolution of heat. It possesses a bitter saline taste, and
is now largely used for the purpose of dressing cotton goods.
Magnesium chloride forms crystalline double salts with other
chlorides, especially with those of the alkaline earths. Of these
the following are the most important :

Potassium Magnestum Chloride or Carnallite, MgCl,, KCI +
6H,0. This compound ecrystallizes in rhombic prisms which
deliquesce on exposure to the air, leaving a residue of potassium
chloride.

Ammonium Magnesium Chloride, MgCL,NH,Cl + 6H,0, is

1 H. Deville, 4nn. Chem. Pharm. cxxx. 280.
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deposited from solution in small rhombic erystals which dissolve
in six parts of water.

Calcium Magnesium Chloride or tachlydrite, 2MgCl,, CaCl, +.
12H,0, occurs at Stassfurt in yellowish rounded masses which
deliquesce on exposure to the air.

Oxychlorides of Magnesitum. If strongly ignited magnesia be
brought into contact with a concentrated solution of the chloride
the mixture after standing for some hours solidifies to a mass

so hard that it is capable of being polished (Sorel). A mass of -

this kind which had been exposed for six months to the air
gave results on analysis which render it probable that it is a
mixture of inagnesium carbonate and the compound

MgCl, 5Mg0 + 17H,0, or 2Mg { iy Cl | aMgOH), + 12H,0.

This substance loses water on heatmg, but does not give off
hydrochloric acid; and chloride of magnesium may be with-
drawn from it by repeatedly boiling with water, leaving a residue
of magnesium hydroxide as a hard non-crystalline mass re-
sembling brucite! If a solution of magnesium sulphate to
which ammonia and sal-ammoniac have been added (a mixture
frequently used in the laboratory) be allowed to stand for
some time a crystalline precipitate having the composition

2Mg {&H + 4Mg(OH), + 8H,0 is formed (J. Davis).

Magnesium Bromide, MyBr,, occurs in sea-water and in many
brine-springs.  The anhydrous salt is obtained by heating
magnesium in bromine vapour, or by leading bromine vapour
over an ignited mixture of magnesia and sugar charcoal. It
forms a white crystalline mass which hisses and evolves heat
when brought into contact with water, and crystallizes from a
hot concentrated solution in needles, having the composition
MgBr,, + 6H,0. On leating the crystals, hydrobromic acid is
given off and magnesia is left behind.

Magnesiun}, Iodide, Mgl,, is found together with the bromide
in sea-water and brine springs. It can be prepared by dissolv-
ing maguesia in hydriodic acid. On evaporation, hygroscopic
crystals of a hydrated salt are deposited, which rear* ‘v under-
go decomposition with liberation of iodine. e

Magnesium Fluoride, MgF,, occurs as the mineral sellalte in
coloutless quadratic crystals, found at Montiers in Savoy. When
pure magnesia is evaporated with an excess of aqueous hydro-

! Bender, 4nn. Chem. Pharm. cvix 8341,
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fluoric acid to dryness, this same compound is obtained as an
amorphous mass. When this is fused with common salt and
the mass gradually cooled, it is deposited in erystals which, after
washing with water, exhibit the same form as sellaite (Cossa.)

143 Magnesium Sulphate, MgSO,, occurs in nature as kieserite,
MgSO,+ H,0, and epsom salt, MgSO,+7H,0. These two com-
pounds can be readily distinguished by the action of water on
them. Epsom salt is readily soluble in water, whilst kieserite is
as difficultly soluble as gypsum. Kieserite occurs crystallized in
rhombic prisms, but is more commonly found in granular masses
which dissolve slowly when allowed to remain in contact with
water, being gradually converted into epsom salt. Epsom salt
occurs in many mineral-waters, It is found as epsomite or
hair-salt in silky fibres and fibrous crusts at Idria in Carniola,in
the gypsum quarries of Montmartre near Paris, and in various
other localities. The floors of the limestone caves in Kentucky,
Tennessee, and Indiana are in many instances covered with
minute crystals of epsomite mingled with earth. 1In the
Mammoth cave in Kentucky it adheres in loose masses like
snow balls (Dana).

The manufacture of magnesium sulphate from the upper
layers of salt (Abroumsalz) at Stassfurt is carried on on the
large scale. The crude kieserite is placed in sieves in water.
The magnesium chloride and finely divided chloride of sodium
dissolve whilst the kieserite fulls throngh the meshes of the net
in small powder, and larger pieces of rock-salt, anlydrite, and
earthy impurities remain behind. This powder is then brought
into conical wooden moulds in which it is allowed to remain,
and in which it soon becomes a hard colierent mass, inasmuch
as a portion of the salt combines with water to form the
hepta-hydrate which binds together the remaining powder of
the kieserite. This kieserite-stone is then dried and powdered,
and contains 80 to 90 per cent. of magnesium sulphate, and
from 1 to 2 per cent. of common salt. It is either brought
into the market in this form or worked up into epsom salt.
Sulphate of magnesium was formerly produced in considerable
quantity Ly treating either native carhonate of magnesium or
dolomite with sulphuric acid, the gypsum formed in the latter
case, being much less soluble than magnesium sulphate, is easily
separated from it. Foimerly, also, dolomite was burnt, the
lime dissolved out by crude pyroligneous acid, and the residual
magnesia tireated with sulphuric acid (Henry).
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Magnesium sulphate erystallizes from a hot concentrated
solution in four-sided rhombic prisms shown in Fig. 73, contain-
ing seven molecules of water, and isomorphous with the corre-
sponding sulphates of zine and nickel. As a rule, the commercial
salt occurs in the powdery form consisting of minute delicate
needlesobtained by quick crystallization of a concentrated solution.
The crystals are not efflorescent, but the commercial salt some-
times becomes moist in contact with air in consequence of the
presence of traces of magnesium chloride. The erystals possess
an unpleasant saline bitter taste and have a
specific gravity of 1685 (Schiff). On heat-
ing, they melt in their water of crystalliza-
tion, and lose six molecnles at 150°, the last
molecule being termed by Graham constitu-
tional water, because it is not driven off until
a temperature of 200° is reached. The salt
is freely soluble in water; according to Gay-
Lussac 100 parts of water at 0° dissolve
2576 parts of the anhydrous salt and an
additional 047816 for every degree above

Fie. 73. this. Magnesium sulphate is insoluble in
absolute alcohol. Y

When a boiling and concentrated solution of magnesium
sulphate is placed in a closed vessel it remains supersaturated
when cold. Such a solution may stand for weeks or months
without solidification, but milk-white crystals are sometimes
deposited which contain six molecules of water, and, some-
tinies, monoclinic tables with seven molecules of water are
obtained. From this it is seen that epsom salt is dimorphous;
this is also shown by the fact that it crystallizes as an
isomorphous coustituent with monoclinic ferrous sulphate,
FeSO,+7H,0. Epsom salt is largely used as a purgative,
and, like the chloride, is employed as a dressing for cotton
goods. It is also used in dyeing with aniline eolours, as goods
thus dyed are found to stand the action of soap better; this
is probably due to the formation of an insoluble magnesia soap.
Kieserite is also used in the preparation of glauber-salt and
potassium sulphate, and also as a manure.

Magnesium sulphate forms a series of characteristic double
salts with the sulphates of the alkali-metals. These have
the general formula MgSOM',SO, + 6H,0, and erystallize in
monoclinic prisms. When the anhydrous sulphate is dissolved
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in hot concentrated sulphuric acid the solution on standing
deposits the compound MgSO, + H,80,, in six-sided tables,
which soon absorb moisture from the air and are thereby
decomposed.!

Magnesium Nitrate, Mg(NO,),. This salt occurs in the mother-
liquors from the saltpetre manufacture, and in the surface water
of towns, having been first detected by Berzelius in the well-
water of Stockholm. It is prepared by dissolving magnesia
alba in nitric acid. The hydrated salt, containing six mole-
cules of water, crystallizes from concentrated solutions in prisms
and needles, which dissolve in half their weight of cold water
and in nine parts of alcohol of specific gravity 084, but are
less soluble in pure alcohol.

144 Phosphates of Magnesium. The Normal Orthophosphate,
"\Ios(P04,z, occurs in small quantities in the seeds of the cereals
and in bones. It is obtained in the form of a white precipitate
when a solution of normal sodium orthophosphate is added to a
solution of epsom salt. One part of the salt dissolves in 5,000
parts of water. A phosphato-fluoride of magnesium having the
formula 2Mg,(PO,),+ MgF, occurs in nature as wagnerite.

Ilydrogen Magnesium Orthophosphate, HMgPO , is obtained
when a solution of epsom salt is mixed \vith one of common
phosphate of soda; on standing, hexagonal needles of the acid
salt containing seven molecu]es of water are deposited. These
dissolve in 322 parts of cold water If this solution be heated
it becomes milky owing to the separation of the insoluble normal
salt, a tetra-hydrogen phosphate H,Mg(P’O,), remaining in
solution. This latter compound has not been obtained in the
pure state.

Magnesiuvm Ammonium Orthophosphate, Mg(NH,)PO,+ 611,0.
This salt, a frequent constituent of urinary calculi, was dis-
covered by Fourcroy. It is produced in the putrefaction of
urine, and large crystals of it have been found in some varieties
of guano. It is formed when an ammoniacal solution of sal-
ammoniac is mixed with a solution of magnesium sulphate, and
a soluble orthophosphate then added. If the solution be dilute,
the precipitate takes some time to form, and deposits in small
crystals which attach themselves to the sides of the vessel,
especially upon points presenting any roughness or incquality,
as where the beaker-glass has been scratched. It separates in

1 Schiff, dnn. Chem. Pharm. exviii. 365,
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this way from extremely dilute solutions, affording a very delicate
test either for magnesium or for phosphoric acid. According to
Graham the best mode of obtaining it in distinet crystals is to
mix 600 parts of hot water with four parts of strong ammonia ;
then add seven parts of ecrystallized phosphate of soda, two
parts of sal-ammoniac and four parts of sulphate of magnesium.
The crystals which are thus deposited are transpavent quadratic
prisms. One part of the salt dissolves in 15,000 parts of water at
15°and in 44,000 parts of ammoniacal water, whilst in presence of
sal-ammoniae it is somewhat more readily soluble. At 100° the
salt gives off five molecules of water without loss of ammonia,
and at a higher temperature the whole of the water and am-
monia escapes, pyrophosphate of magnesium, Mg,P,0,, remaining
behind.

The Arsenates of Magnesium closely correspond to the phos-
phates.

145 Carbonates of Magnesium. Normal magnesium carbonnte,
MgCO,, occurs in nature as magnesite, a mineral isomorphous
with cale-spar. The same mineral frequently occurs in compact
or granular masses, and is found in large quantities in various
localities, especially in the island of Eubea. The normal carbo-
nate is also formed by the action of magnesium chloride on
calcium carbonate (Marignac). It has a specific gravity of 3056 ;
it is not easily soluble in dilute acid, but dissolves in water
saturated with carbon dioxide, being soluble in larger quantity
when the pressure to which the liquid is subjected is increased.
According to Wagner! one part of magnesium carbonate dis-
solves at 5° in

761 parts of carbonic acid-water under a pressure of 1 atmosphere

134 » 3 v » 3 atmospheres
110 N » » L0 »
7 6 » ”» » ”» 6 »

The solution has an alkaline reaction and a bitter taste. If it
be placed in a partially closed flask at 50°, crystals of the hydrated
carbonate MgCO, + 3H,0 are deposited from solution, whilst at
a lower temperature tabular erystals containing five molecules of
water separate out. When evaporated to dryness, the solution
yields a crystalline powder which, examined under the microscope,
is found to consist of crystals having the form of arragonite.2 But

1 Journ. Prakt. Chem. cii. 238,
2 H. Rose, Pogg. Ann. xlii. 366,
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if the solution be heated to 300° in a vessel closed by a porous
stopper through which the carbonic acid can slowly escape,
microscopic rhombohedrons of the form of native magnesite are
deposited.! Carbonate of magnesium is, therefore, isodimorphous
with calcium carbonate. If a solution of epsom salt be pre-
cipitated with an excess of sodium carbonate, and the precipitate
boiled until it becomes crystalline, a basic carbonate having the
composition

HO—Mg—0—CO—0—Mg—0—C0 —0—Mg—OH

is thrown down in the form of small granular crystals contain-
ing two molecules of water of crystallization. The magnesia
alba of the shops is also a basic carbonate, which usually
possesses the following composition :

HO—Mg—C0Og—Mg—C0,—Mg—CO,—Mg—OH.

It contains from two to three molecules of water, and is a very
light powder (magnesia albw levis). This is obtained by pre-
cipitating a solution of epsom salt or magnesium chloride with
sodium carbonate. If the precipitation be carried on at the
boiling temperature a much more dense precipitate is obtained
(magnesia alba ponderosa).

Another method of preparation is that patented by Pattinson,
which consists in igniting dolomite (a mixture of carbonates of
calcium and magnesium), and then treating it with water and
carbon dioxide under pressure, when the carbonate of magnesium
dissolves in the carbonic acid more readily than does the
carbonate of calcium ; the solution of bicarbonate of magnesium
which is formed is decanted from the incoluble carbonate of
calcium and decomposed by a current of stcam. The salt thus
obtained is very white and of a loose texture.

Magnesia alba is almost insoluble in water. It dissolves,
however, readily in solution of ammoniacal salts, owing to the
formation of ammonium carbonate and a soluble double salt.
¥or this reason ammonium carbonate does mnot precipitate a
magnesium salt completely, and no precipitate occurs in the
presence of sal-ammoniac. The mineral termed hydromagnesite,
possessing the same composition as magnesia alba, occurs in smali
white monoclinic crystals. These basic carbonates of magnesium
may be represented as compounds of the normal carbonate with
the hydroxide:

1 Sénarmont. Ann, Chim. Phys, [8] xxx. 129,
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(1) 2 MgCO, + Mg (OH), + 2 H,0
(2) 3MgCO, + Mg (OH), + 3H,0.

146 Magnesium Sulphide, MgS. This substance is not formed
in the wet way, but is obtained when a mixture of magnesium
filings and sulphur is heated to dull redness in a current of
sulphur vapour! The product is a brown, coherent, hard,
and brittle coke-like mass, mixed with a small quantity
of . magnesium oxide and some undecomposed metal. On
exposure for some time to the air the difficultly fusible
sulphide slowly tarnishes, and evolves sulphuretted hydrogen,
and the granular and bright steel-grey fracture becomes dull
and coated with a grey oxide. It is slightly soluble in
water, yielding a straw-yellow solution, but on exposure to
the light it deposits sulphur, and becomes colourless. This
solution doubtless contuins magnesiumn hydrosulphide, Mg(SH),,
which may also be obtained by passing suiphuretted hydrogen
into water containing magnesia if suspension? It is an
extremely unstable compound, and on exposure to the air, or
when heated, gives off sulphuretted hydrogen, leaving magnesia
behind.

Magnesium Nitride, Mg,N, Devilleand Caron, when preparing
magnesium, observed that the distilled metal sometimes appears
covered with small transparent needles,® which decompose in moist
air with formation of ammonia and magnesia, and therefore
contain a nitride of magnesium, This compound was obtained
in the amorphous state by Driegleb and Geuther,! by igniting
magnesium in ammonia or in nitrogen gas. The nitride of
magnesium thus prepared is a greenish-yellow amorphous mass,
which when heated in dry oxygen gas is converted, with bright
incandescence, into magnesia. On exposure to the air or when
treated with water it is quickly decomposed into ammonia and
magnesia, so much heat being evolved in the latter case that the
water boils. When heated in a current of sulphuretted hydrogen
gas, ammonium sulphide and magnesium sulphide are formed.

Magnesium Silicide was obtained by Wéhler as a by-product
in the preparation of metallic magnesium, by fusing together a
mixture of sodium, magnesium chloride, and sodium silico-fluoride.
According to Geuther it is best prepared by filling a Hessian

3 Parkinson, “On the Alloys of Man‘nesmm," Journ. Chem. Soc. xx. 127.
% Berzelius, Pqu Ann, vi. 443, 3 Ann. Chim, Phys. [3] 1xvii. 348.
S Ann. Chem., Pharm. exxii. 223.
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crucible with alternate layers of fused and powdered sodium
chloride and a mixture of 25 parts of common salt, 7 parts of
sodium silico-fluoride, and 25 parts of magnesium. The whole is
then covered with common salt and the crucible exposed to the
heat of a wind-furnace. 'When the reaction is finished the mass
is stirred round, and the cold regulus treated with dilute sal-
ammoniac solution, which dissolves the magnesium, but, in the
cold, only slightly attacks the silicide! This compound forms
lustrous metallic ecrystals, which have the formula Si,\Mg,.
When treated with hydrochloric acid, a mixture of hydrogen
and silicon hydride is evolved, and silicoformic anhydride (see
Vol. I, p. 561) is formed. From this it would appear that
magnesium silicide is a mixture of SiMg, and SiMg, its decom-
position being thus represented :

(1) SiMg, + 4 HCl = 2 MgCl, + SiH,
(2) 2 SiMg + 3H,0 + 4 HCl =2 MgCl, + Si,H,0, + 411,

DETECTION AND ESTIMATION OF MAGNESIUM.

147 Magnesium and its compounds do not impart any tint to
the non-luminous gas-flame. The spark spectrum of magnesium
is, however, very characteristic (Bunsen, Kirchhoff, Thalén),
giving lines in the green coincident with Fraunhofer’s . The
brightest of these lines is situated very close to an air-line,
and for this reason it is better to observe the magnesium spark
in an atmosphere of hydrogen, or in one of coal-gas, than in
the air (Bunsen).

In the course of ordinary qualitative analysis, magnesium is
obtained together with the alkali-metals, as it is not precipitated
by carbonate of ammonium in presence of sal-ammoniac. The
presence of magnesium is readily detected by the addition of
sodium phosphate to a portion of the solution, as on standing
for a short time a crystalline precipitate of Mg(NH,)PO,
+ 6H,0 is deposited. The formation of this precipitate is
greatly accelerated by stirring the solution with a glass rod
when the crystals are deposited where the rod has scratched
the glass. )

The quantitative estimation of magnesium in the presence
of the alkalis is accomplished by the method proposed by
Berzelius. The solution which must contain the metals in

1 Journ. Prakt. Choin xcv. 424,
66
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the form of chlorides, as is indeed always the case in the
analysis of silicates, &c., is evaporated to dryness, and the
1esidue ignited in order to volatilize the ammoniacal salts. The
fixed residue is then warmed with a small quantity of water,
and a little finely divided oxide of mercury added ; the mixture
again evaporated to dryness on a water-bath, and the residue
ignited in order to expel the mereuric chloride and excess of
oxide. Tle residue contains the magnesinm in the form of
oxide, whilst the alkali-metals remain as chlorides, and are
soluble in water. The undissolved magnesia after having been
well washed is dissolved in hydrochloric acid, and precipitated
as the ammonium magnesium phosphate, which must be washed
with dilute ammonia. After ignition the magnesium is
estimated as pyrophosphate.

The atomic weight of magnesium has been accurately deter-
mined by Scheerer and Marchand! For this purpose they
analysed a pure specimen of magnesite, obtaining the number
23'98 as a mean of several experiments; Marignac finds 24°3.

ZINC. Zn=65T.

148 The ancients were acquainted with the alloy of zine and
copper which wa term brass, but they were not aware that it
contained any other metal besides copper. and it was only after
some time that a more accurate examination of brass and the
ores which were employed for its production led to the recogni-
tion of zinc as an elementary body. Aristotle, in th2 fourth
century B.C., mentions the preparation of brass under the name
of Mossincecian copper, which he describes as being bright and
light-coloured, not produced by the addition of tin, but by its
having been melted with a peculiar earth found on the shores
of the Black Sea. The early use of brass is clearly proved by
the following analysis by Tookey, quoted by DPercy, of an
undoubtedly genuine Greek coin of Trajan struck in Caria
AD. 110:—

Gopper i i =L RN S0 N 759 ()
Gy 75 2 ) i S0 AT RSl =D 7,00
ARG o o i et o e Vo) & AP PR i 0; 386,
IPORWE 0 T m A L R I N0 273

98-949

1 Journ. Praki, Chem. 1, 385,
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This ore, by means of which copper could be coloured yellow,
was termed kadueia, or cadmia, by Dioscorides and Pliny. The
same word is also used by the latter author to designate the
sublimate, consisting of impure oxide of zine, found in tke
brassfounders’ furnaces. It has already been stated in the
Historical Introduction that the older alchemists were acquainted
with the means of turning copper of a yellow colour. The
material by which this change was brought about was termed in
the Latin translation of their works tutia. Agricola believed
that brass was a mixture of copper aud earth termed galmei or
calamine, and he describes the employment of tutia in the
place of the natural ore as follows: “Sunt qui in cadmice
fossilis locum cadmiam fornacum substituunt.”

The word zinc is first found in the writings of Basil Valentine.
It occurs in his Currus triumphalis Antimonti, and also in his
Last Testament. “The mineral kingdom contains or includes
all ores, metals, minerals, marcasites, calx, zinken, all sorts of
quartz,' bismuth, and stones, whether they are noble or base.”
Valentine, however, does not appear to have classed zinc with
the metals proper, and it was Paracelsus who first pointed out
that zinc was a metal. He says in his treatise on minerals:
“There is another metal called the zinken, which is unknown
to the fraternity, and is a metal of a very singular kind.”
In other places he describes it as a bastard or semi-metal. The
word zine occurs in many subsequent authors, and sometimes it
is employed to denote the metal, at other times the ore from
which the metal is obtained. Libavius was the first to in-
vestigate the properties of zinc more exactly, although he was
not aware that the metal was derived from the ore known as
calamine. He states that a peculiar kind of tin is found in
the East I[ndies called calaém. Some of this was brought to
Holland and came into his hands. He desecribes its outward
appearance and general properties minutely, and compares them
with those of the otlier metals, laying very particular stress upon
the fact that when heated in the air this metal takes fire
and burns. The exact nature of zinc and its ores continued
doubtful during the seventeenth century. Glauber, it is true,
stated that calamine is an ore of zinc, but Lemery so late as
1675 believed that zinc was identical with bismuth, and Boyle
often employed the names zinc and bismuth indiscriminately
for the same substance, also employing the word spiauter
(our English spelter), a name apparently of Eastern origin. In
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general it was believed that the brass which was obtained from
copper and calamine contained the latter substance as such. The
view that brass is an alloy was first put forward by Kunkel at
the end of the seventeenth century. He says in his ZLabora-
torium, “1 have already remarked in my annotations that
calamine allows its mercurial (metallic) part to pass into the
copper and form brass. For thou wilt never believe that as a
sal it could tinge copper; as a terra it cannot enter it, since it
would make the copper brittle, and moreover could not tinge
it.” Stahl afterwards gave it as his opinion that calamine can
turn copper into brass by being first converted into zinc.

The preparation of zine on the large scale appears to have
been first carried out in England. According to Bishop Watson,
zinc-works were first established at Bristol about the year 1743.
“In about the year 1766 Watson visited Mr. Champion’s works
near Bristol and saw the process of making zine, which at that
time was kept rigidly secret. Many years afterwards he pub.
lished an accurate description of this process, which is the same
as that hereafter described as the English process” ! (Perey).

The first Continental zine works were erected in 1807 at
Liége. 4

Zinc is said to have been found in the native state near
Melbourne in Australia, but it occurs chiefly as smithsonite
or zinc-spar, ZnCO,, found near Altenberg,in the neighbourhood
of Aix-la-Chapelle, at Wiesloch, in Blegium, Spain, Siberia, and
North America, as well as at Alston Moor, Lead Hills, Donegal,
and Matlock in Great Britain. It also occurs as siliceous cala-
mine, Zn,Si0, + H,0, found together with zinc-spar, and as zinc
blende or zinc sulphide, ZnS, occurring with galena, fluor-spar,
&c., in England, in the Harz, in Saxony, in Bohemia, in North
America, and in other localities.

Other ores of zinc are franklinite, (ZnFe)O + Fe O, ; red zinc
ore, or oxide of zine, which derives its peculiar colour from the
presence of red oxide of manganese; hydro-zincite, ZnCO; +
2Zn(0OH),; aurichalcite, 2CuCO + 3Zn(OH),; zinc sulphate,
ZpS0, + TH,0, and gahnite or zinc-spinelle, ZnO + Al0,, &c.

Zinc has been found in the ashes of the yellow violet (Violo
Caliminaris), growing in Rhenish-Prussia in soil which contains
zine. In former times calamine was the only ore of zinc
from which the metal was extracted. At the present time,
however, large quantities of zinc silicate, a mineral occurring

1 Metallurgy, 1. 521.
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with the carbonate, are employed for the preparation of zin,
whilst zinc blende is also used. Tu America the metal is
extracted from franklinite and from the red zinc ore.

149 Smelting of Zine—The first process in the preparation of
zine usually consists in the roasting of the ore in order to drive
off the carbonic acid and water which it contains, and, in the case
of zinc blende, to convert the sulphide into oxide. In roasting
the latter ore great care has to be taken to prevent the formation
of zinc sulphate, a salt which requires a very high. temperature
for its decomposition, and which would be again converted, in the
process of reduction which
follows, into sulphide, and
thus cause a considerable
loss. Blende is usually
roasted in open furnaces,
but an improved form of
furnace, in which the sul-
phur dioxide evolved is
condensed, has been pro-
posed by Messrs. Hasen-
clever and Helbig, and
this is now {requently
employed.!

The reduction of the
zinc ores was formerly
carried on in England by
a process termed distilla-
tion per descensum. The
furnace employed closely
resembles those in use in
glass-works.  Crucibles
(¢4, Fig. 74) charged with
the roasted ore, mixed
with half its weight of
powdered coal, are placed
in these furnaces. Each
crucible is closed at the Fig. 74.
top, but has an opening
at the bottom which is plugged with a piece of wood, and an iron
tube (% %), fitting close to the bottom of the erucible, is arranged
as a receiver into which the vapour of the zinc is condensed.

Y Zeitschr Ver. deutsch Ing. 1872, 505.
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The wooden plug is soon converted into charcoal by the heat of
the furnace, and this, whilst sufficiently porous to allow the vapour
of the metal to pass, stops any coal or ore from falling down
into the tube. The zinc collects in the tube and in the vessel gg
placed below in the form of drops or powder. It requires to be
re-melted in an iron pot, and is then cast into slabs and sent
into the market. This process is not economical, and it necessi-
tates a much larger consumption of fuel than the following plans,
which are therefore now more generally adopted.
150 In the Belgian process, tube-shaped retorts made of re-
fractory fire-clay are employed. In these the
—————  mixture of pounded coal and roasted ore is placed.
-- Each retort (a, Fig. 75) is about 1 metre in length,

§ > and has an internal diameter of about 0:2 m. To
ﬁc the open end a long conical earthenware pipe
s (5), 024 m. in length, is luted, and the end of
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this adapter is fitted into a sheet-iron condenser (c), the extremity
of which is open and about 2'5 cm. in diameter. Forty-eight or
more of these retorts are placed in the furnace, being set in a
slanting direction to allow the metal to run out. The furnace
has the form of an arched recess (Fig. 77), and four such
furnaces are usually built together in one mass of brickwork.
A mixture of 2 parts of ground roasted ore and 1 part of coal-
dust is brought into the retorts, each holding about 40 lbs.
of the mixture, As soon as the temperature has risen high
enough, the reduction begins, and carbon monoxide is evolved
and burns from the end of the clay adapter with a blue flame.
After a while the flame becomes much more brilliant, showing
that the metal is beginning to volatilize; the iron condenser
is then placed on to the end of the clay adapter, and the
metallic vapours are thus condensed. After about two hours
the iron condenser is taken away and the oxide knocked out.
A ladle is then held under the mouth of the clay adapter,
and the melted zinc which has accumulated in the adapter and
in the retort is scraped out. The iron receiver is then again
fixed in its place, and after a second couple of hours the opera-
tion is repeated. It is completed in about eleven hours. The
exhausted charge is then removed from the retort and a fresh
one introduced. In this way two charges are worked off from
each retort in twenty-four hours.

In the Silesian process, which is the one now most generally
adopted, clay retorts or muffles (Fig. 78) about 1 metre long
are arranged side by side in the horizontal bed of a reverbera-
tory furnace (Figs. 79 and 80). No less than thirty or forty
muffles are thus arranged, and these may contain 1,500 to 2,000
kilos. of the mixture of coal and roasted ore. This mixture is
introduced through a luted clay door in the muffle or retort.
When the temperature has risen sufficiently high, the vapour
of the reduced zinc passes out of the retort by a bent clay pipe
(A, Fig. 78), and condenses in an iron tube, falling down into an
iron tray placed in a closed recess (0) (Fig. 79), in the furnace.
In this process a considerable quantity of zine is burnt, pro-
ducing zinc oxide, known as Silesian zinc-flowers. Siemens’
gas regenerator is now being employed in the zinc-works on the
Continent, and in some cases the lower portion of the furnace
is filled with Silesian muffles, whilst in the upper part of the
furnace the Belgian method is employed.

151 Commercial zinc is seldom perfectly pure. It almost
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always contains small quantities of lead, iron, and carbon. Not
unfrequently silver, cadmium, and small traces of arsenic, anti-
mony, and other metals are met with. The chemical purity of
zinc may be readily ascertained by the fact that, when pure, it
is scarcely attacked by dilute sulphurie acid, whereas common

Fie. 78.

impure zine dissolves readily under the same circumstances.
If, however, a few drops of chloride of platinum be added to
the acid liquid in which the pure zinc is placed, a rapid evolu-
tion of hydrogen begins, inasmuch as the platinum is deposited
upon the zinc, and a galvanic current is thus established.
Properties. Zinc has a bluish-white colour, melts at a tem-
perature of 433° (Person), and boils at 940° (F. Meier and Crafts).
The specific gravity of zinc vapour is 2:36, so that its molecular
and atomic weights are identical.! If zinc be heated to its
melting-point, but not to a higher temperature, poured out
upon a non-conducting surface, and the molten metal then
poured off from the portion which has solidified, the metal
may be obtained in the crystalline form, consisting of hexa-
gonal prisms and pyramids. Commercial zinec has a coarsely
laminar texture. It is moderately hard, difficult to file, and
when bent after fusion it emits a crackling noise, not so loud
as that emitted by tin. Zine exhibits the greatest degree
of ductility and malleability at temperatures between 100° and
150°, at which temperatures it may be drawn out into wire and
rolled into plate! On the other hand, it is so brittle at 205° that
it may be powdered in a mortar. The specific gravity of zine is
6:9. It is largely employed in the form of sheets, for a variety of
technical purposes, and also much used in the manufacture of
brass, an alloy of the metal with copper. Zinc is also used for
desilverizing lead, for galvanizing iron, for electrical batteries,
and for a great number of other purposes. Metallic zinc in the
form of fine dust is obtained in considerable quantity in the

1 V. Meyer, Ber. Deutsch. Chein, Ges. xix. 3295,
3 Hobscn 'nd Sylvestra, Gilbert’'s Ann. xxiv. 104,
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manufacture of the metal, mixed with a certain amount of

oxide of zine. This mixture, called zinc dust, is a valuable

reducing agent, often wused for this purpose in organic

chemistry, and also on a large scale for the reduction of indige

blue : it is likewise employed as a paint for iron articles. In
1

I
Fic. 80.

order to free the powder from oxide of zine, it is.only neces-
sary to allow it to remain for some time in contact with very
dllute hydrochloric acid. The residue is first washed with
water and then with pure alcohol, after which it is dried and
preserved.
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ZINC AND OXYGEN.

152 Zine Oxide, Zn0O. This compound occurs as the mineral
zineite or red zine ore, which consists of a mixture of zinc
oxide with 0-7 to 12 p.c. of red oxide of manganese. It occurs,
especially in New Jersey, in red or orange-yellow hexagonal
crystals or in a granular mass. Zinc oxide is also occasionally
found in the crystalline state in brass-melting furnaces, as well
as in the zinc furnaces. It has already been mentioned that
the finely divided oxide was known to the ancients as tutia,
pompholyx or flowers of zine, and Dioscorides states that if
too much cadmia be employed in the manufacture of brass,
pempholyx is formed like tufts of wool! whence the name
Lana philosophica was given to this substance by the alche-
mists. The similarity between the oxide of zinc obtained by
combustion and flakes of snow led the alchemists to term
it niz alba; this was translated into German as ‘ weisses
Nichts,” and retranslated into Latin as “ nihilum album.”

Zine oxide is known in commerce as zinc-white, and is
prepared on the large scale and used as a paint. It is obtained
by the distillation of zine in earthenware retorts, the burning
vapours of the zinc being brought into chambers through which
a current of air is passed and the oxide allowed to deposit in
a second chamber. The preparation of zinc-white directly from
the ore has lately been carried on at Lidge.2

The combustion of zinc can be shown by holding thin zine
turnings in the flame of a lamp, or better still, by placing zinc
in a white-hot crucible, and exposing the surface to the air or
stirring it with an iron rod, when the metal burns with a bright
white flare.

Zinc oxide is prepared for pharmaceutical purposes by pre-
cipitating a solution of zine sulphate with sodium carbonate
and igniting the basic carbonate thus thrown down. As the
commercial zine sulphate frequently contains epsom salt
(magnesinm sulphate) as an impurity, it is best, in order to
obtain the pure compound, to dissolve zine in dilute sulphuric
acid, and then either to treat the solution with sulphuretted
hydrogen, or to allow the solution to remain for some time in

1 woupdAvk plwy ToAbTas apouotobrar.
$ See Hofmann's Ber. Entw. Chem. Ind. i. 919.

TR 1T T———
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contact with metallic zinc, in order to precipitate the cadmium,
copper, arsenic, and other metals. To the filtrate a small
quantity of an alkaline solution of sodium hypochlorite is added,
in order to throw down the iron, manganese, &c. ; then the solu-
tion is filtered, and poured in a thin stream into a boiling
solution of pure sodium carbonate. The precipitate is washed
with boiling water, and, after drying, it is gently ignited in a
glass flask or platinum basin.

Zinc oxide has a specific gravity of 56 ; when hot it possesses
a lemon-yellow colour, but on cooling it becomes white. When
heated in the oxy-hydrogen flame it emits a brilliant white
light. After being thus leated, it phosphoresces for some time
in the dark.

Zinc Hydroxide, Zn(OH),, is obtained as a white powder,
when caustic potash or soda is added to a solution of zine salt.
It is very soluble in an excess of the reagent, and it is upon
this fact that the reaction of zinc dissolving in alkalis with
evolution of hydrogen depends.! This reaction takes place
especially quickly in presence of metallic iron. If metallic
zine be allowed to remain under the surface of a solution of
ammonia in contact with iron or copper, zinc hydroxide crystal-
lizes from the solution in colourless transparent rhombic prisms
(Runge); and if a saturated solution of the hydroxide in
caustic potash be allowed to stand, regular octohedrons of the
compound, Zn(OH), + H,0, are formed (Bodeker.)

SALTS OF ZINC.

" 153 The salts of zinc are colourless, unless the acid be coloured.
The normal soluble salts redden litmus solution; they possess
a disagreeable metallic taste, and act as poisons and emetics.

Zinc Chloride, ZnCl, Impure chloride of zinc was first
prepared by Glauber. He describes in his Furnis novi philo-
sophici, published in 1648, an olewm lapidis calaminaris,
“ohtained by dissolving calamine in spirit of salt, and heating
the solution, when a thick olewm remains as unctuous as olive-
‘oil, and mot particularly corrosive, for the spirit of salt has
itself been weakened by corroding the calamine and thus
lost its acrimony. This oil must be well preserved against
the action of the air, otherwise in a few days it attracts so

1 See Vol. 1. p. 104,
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much air to it that it becomes a watery liquid” TIn 1733
Hellot prepared “butter of zine,” by distilling flowers of zine
with sal-ammoniac; and Pott, in 1741, obtained the same sub-
stance by distilling zinc with corrosive sublimate. Gallisch, in
1782, noticed thav zine deliquesces when exposed to the action
of dephlogisticated muriatic acid gas (chlorine), and Westrumb,
in 1790, observed that when finely divided zinc is dropped into
the gas the metal takes fire. This historical sketch serves to
stiow the methods by which the anhydrous chleride may be
obtained. The same substance is formed when a mixture of
anhydrous zine sulphate and calcium chloride is distilled (Persoz).

Zine chloride is a white or usually greyish-white mass, soft,
like wax, at the ordinary temperature, and melting when heated
a little above 100° (H. Davy), and subliming at a higher
temperature in white needle-shaped ecrystals. Its vapour
density has been found by V. Meyer to be 46. It is very deli-
quescent, is solnble in alcohol, and boils at 730°.

A concentrated solution of zinc chloride is best obtained by
dissolving zine, its oxide, or carbonate, in hydrochloric acid, and
evaporating the solution to the consistency of a syrup. On the
addition of a little concentrated hydrochloric acid to this syrupy
solution, small deliquescent octohedrons separate out, having the
composition ZnCl, + H,0. Zinc chloride is used in surgery as
a caustic, and is employed in the laboratory for the purpose of
separating the elements of water from many organic substances.
Thus, for instance, when it is heated with strong alcohol, ether
is formed : -

20,H,0=C,H,,0 + H,0.

It is also employed on a large scale, as i3 magnesium chloride,
for weighting cotton goods. When its solution is evaporated,
hydrochloric acid is evolved and basic salts are formed ; these
may also be obtained by boiling the solution of the chloride
with zinc oxide and adding water, when precipitates are formed
consisting of mixtures of Zn(OH)Cl and Zn(OH), in varying
proportions, When a solution having a specific gravity of
1-7 is boiled with an excess of oxide, a liquid is formed which
has the property of dissolving silk, and this is used for sepa-
rating silk fibres from those of wool, or of cotton or linen, all of
which dissolve in a solution of normal zinc chloride.

Zine DBromide, ZnBr,, is formed when bromine vapour is

R —
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passed over the metal heated to redness. It corresponds closely
to ihe chloride in its properties, and on heating sublimes in the
form of white needles. It boils at 650°.

Zine Todide, Znl,  Zine and iodine readily unite when they
are heated together to form a colourless easily fusible mass,
which sublimes in four-sided needles. An aqueous solution can
be easily obtained by warming wmetallic zinc and iodine together
with water. On evaporating the solution, the anhydrous com-
pound separates out in the form of regular octohedrons, which
when exposed to the air first absorb water and deliquesce, and
then take up oxygen and liberate iodine.

154 Zinc Sulphate, ZnSO,. This salt, long known under the
name of white vitriol, is thus deseribed by Basil Valentine in the
first book of his Last Testament—* Behold the v (water) of Goslar,
how a fine white and red vitriol is found there.” The name
vitriol was applied to all the salts of the common metals pos-
sessing a vitreous Instre,! and to this day iron sulphate is
known as green vitriol, and copper sulphate as blue vitriol.

White vitriol was prepared on the large scale at Goslar,
in the Harz in the sixteenth century. Tt was obtained by
lixiviating the roasted ore, but its composition remained long
unknown. Thus, in Lemery’s Cours de Chymie, published in
1675, we read, “ Le vitriol blanc est le plus dépuré de substance
metallique.” It was,indeed, soon discovered that this salt might
be obtained by dissolving calamine in sulphuric acid, but as
this ore always contains iron, green vitriol was obtained at the
same time. In addition to this, the fact that both green vitriol
and blue vitriol when heated become white through loss of
water of erystallization led to still further confusion hetween
these compounds. Tt was not until 1735 that Neumann
suggested that the base of white vitriol consisted of zine or
calamine, and this view was confirmed by Hellot, inasmuch as
he obtained the salt by dissolving zine in dilute sulphuric acid,
whilst Brandt showed that brass is obtained from white vitriol
by caleining it and heating it with charcoal and copper.

Zine sulphate occurs not unfrequently in zinc mines, where
it is formed by the oxidation of blende. Tt is, however, usually
obtained on the large scale by roasting ores containing sulphide

1 ¢ Atramentum candidum potissimum stirie figura reperitur Goslarime,
translucidum cristalli instar ; nec caruleum nec viride caret I»erspicni’,ate ; unde
superior mtas atramento sutorio vitrioli nomen imposuit.” — AGRICOLA, De
Natura Fossiliwm, Lib. 111. ed. 1657.
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of zine, afterwards exhausting with water, and evaporating
the solution to the ecrystallizing point, when the hydrate
ZnS0, + TH,0, isomorplious with epsomn salt, separates out.
These crystals (Figs. 81 and 82) on heating fuse readily in the
water of crystallization. Commercial zine vitriol is made to

assume the shape of a sugar-loaf

by stirring this fused mass in
p/ P wooden troughs with wooden
shovels till crystallization takes
place, and subsequently pressing
=P =P the mass into moulds. Its specific
gravity is 1'95; it effloresces
slowly in the air, and on heating
V to 100° loses six molecules of
water, the last molecule being
evolved only at a moderate red-
heat. The anhydrous salt forms
a friable mass having a specific gravity of 34 When heated
more strongly, sulphur dioxide and oxygen are evolved, and a
basic salt remains behind, which is also formed when zine
sulphate and zinc oxide are boiled together. On cooling the
hot saturated solution, glistening scales separate out having the
formula :—

Fic, 81. Fie. 82,

/0—Zn—0—2Zn\

K 0 —Zn—0—-Zn, 0 +211:0

SO
At a white heat all the zinc sulphates are completely decomposed,
leaving a residue of zinc oxide. When a solution of white vitriol is
evaporated above 50° the hydrate ZnSO,+ 6H,0 isomorphous
with the corresponding magnesinm salt separates out. Besides
these, several other hydrated and basic zinec sulphates are
kuown. One hundred parts of water dissolve :—

At 0 20° 50° 5°
ZnSO, 413 530 669 80-4.

Zinc sulphate is employed in medicine and in dyeing.

Zine Nitrate, Zn(NO,), + 611,0. This salt crystallizes from
a very concentrated solution of zinc in nitric acid, in striated
colourless pointed four-sided prisms. These are very deliques-
cent, and are soluble in alcohol. When heated for some time
to 100°, the salt loses water and nitric acid and a basic nitrate

e A o o
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remains, which is also formed by boiling the solution with zine
oxide,

Carbonates of Zinc. Normal Zinc Carbonate, ZnCOy, occurs
as zinc-spar or calamine, ecrystallizing in rhombohedrons,
having a specific gravity of 442. Zinc-spar is found sometimes
in the pure state, but in general, more or less of the zinc is
found to be replaced by magnesium, cadmium, iron, and other
isomorphous metals. When a solution of zinc vitriol is precipi-
tated by an excess of hydrogen potassium carbonate, a white
precipitate of the hydrated normal carbonate is obtained. 1If, on
the other hand, normal sodium carbonate be employed, hydrated
basic zinc carbonates possessing a variable composition are
thrown down which become more basic the higher the tempera-
ture at which they are precipitated, and as the quantity of water
is increased.

Cyanide of Zine, Zn(CN),, is a snow-white powder used in
medicine, and prepared by precipitating zinc acetate with aqueous
hydracyanic acid. It is insoluble in water and in alcohol, but
dissolves in solutions of the cyanides of ammonium or potassium.

155 Zine Sulphide, ZnS, is found as blende, which crystallizes
in the regular system, frequently in hemihedral forms. Its specific

- gravity varies from 35 to 42. In the pure state it is trans-

parent, and has a light yellow colour : usually, however, it con-
tains iron and other metals which impart to it a red, brown,
or black tint. The same compound is more rarely found as
wurtzite in hexagonal crystals. When ammonium sulphide is
added to a solution of zinc salt, a white amorphous precipitate of
zipe sulphide is formed ; this is soluble in dilute acids, with the
exception of acetic acid, with evolution of hydrogen. When this
precipitate is heated in a current of hydrogen, or when zinc oxide
is ignited in an atmosphere of sulphuretted hydrogen, zinc sul-
phide is obtained in crystals which have the form of wurtzite.

Zine Penta-sulphide, ZnS,, is formed when potassium penta-
sulphide is added to a neutral solution of a zinc salt. It forms
a white precipitate which becomes of a straw-yellow colour on
drying, when ignited in absence of air it is converted into the
monosulphide and sulphur. (Schiff))

Zincamide or Zinc Diamine, Zn(NH,),, is formed by the action
of dry ammonia on zinc ethyl:

Zn(C,H,), + 2NH, = Za(NH,), + 2C,H,
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It is a white amorphous powder decomposed by water with
evolution of heat :

Zn(NH,), + 2H,0 = Zn(OH), + 2NH,.
Zine Nitride, ZngN,, is formed when zincamide- is heated to
dull redness :
3Zn(NH,), =Zn,N, + 4NH,.
Tt is a green powder which is decomposed by water with such
energy that the mass when moistened becomes incandescent :

Zn,N, + 8H,0 = 3Zn0 + 2NH,.

Zinc Phosplide, Zn,P,, is obtained as a grey mass by heating
finely divided zinc in the vapour of phosphorus (Schrotter).
When zinc is heated in a current of hydrogen until it begins to
melt, and then phosphorus vapour passed over it, together with
hydrogen, a fused mass, having a bright metallic bismuth-like
lustre, is obtained. Zine phosphide is employed in medicine.

DETECTION AND ESTIMATION oF ZINC.

156 The salts of zinc do not impart to the non-luminous gas-
flame any tint. The spark-spectrum of zinc is, however, charac-
teristic, and can be well shown by volatilizing a small piece of
the metal in the lower carbon pole of the electric lamp.
Amongst the more prominent zinc lines are 6362 and 6099 in
the red, and 4928, 4924, 4911 in the blue.

The most characteristic compound of zinc is the white
sulphide insoluble in water and in the alkalis. In the ordinary
course of qualitative analysis zine iy thrown down together
with the other metals precipitated by ammonium sulphide,
such as cobalt, nickel, iron, manganese, chromium, and alu-
minium; the first four are precipitated as sulphides, the two
latter as hydroxides. The precipitate, having been well washed,
is dissolved in dilute hydrochloric acid, and free sulphuretted
hydrogen destroyed by heating with a little potassium chlorate.
An excess of pure caustic soda is then added, and this throws down
the first four metals, whilst the hydroxides of zine, chromium,
and aluminium remain in solution. In presence of chromium
the solution possesses a green colour, and, on boiling, the hydr-
oxide is completely precipitated, and the filtrate which is now
colourless can be tested for zinc by passing a current of sulphu-
retted hydrogen through the liquid after slight acidification
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with acetic acid. When a zinc compound is ignited on
charcoal before the blowpipe and the heated mass moistened
with a solution of nitrate of cobalt and again ignited, a
beautiful green mass, known as Rinnman’s green, is obtained.
Zinc compounds heated in the blowpipe flame on charcoal with
carbonate of sodium yield an incrustation of zine oxide, which
when hot is yellow, but on cooling becomes white,

Small traces of zinc can be readily and accurately detected
by Bunser’s method of flame-reactions. This depends upon the
fact that the more volatile metals, such as zine, mercury, and
arsenic, are reduced from their compounds when these are
heated on a thread of asbestos held in the upper reducing-
flame of the Bunsen burner. If a small porcelain basin, filled
with cold water, be held just above the substance to be eaa-
mined, the volatilized metal condenses on the outside of the cold
basin as a metallic film, and in a few seconds the reaction is
complete. A square centimeter of filter-paper is now moistenea
with nitric acid, and this rubbed over the surface of the basin
£o as to dissolve the oxide film ; the paper is now rolled up and
placed in a coil of thin platinum wire, and burned in the upper
oxidizing-flame at as low a temperature as possible, when the
colour of the ash is seen to be yellow when hot, Lut white on
cooling. The ash is next moistened with a drop of a dilute cobalt
solution, and heated in the flame, when the mass attains a green
colour.

For the quantatitive determination of zinc, the solution is
precipitated with a boiling solution of sodium carbonate, the
basic carbonate washed and dried and converted by ignition
into zine oxide, which is then weighed.

The atomic weight of zinec has been most accurately deter-
mined by Erdmann! by oxidising pure zinec and weighing
the oxide obtained. Marignac? has obtained a somewhat higher
number, viz., 63-1.

CADMIUM. Cd =111'9. Vapour Density = 55-0.

127 This metal was discovered in the year 1817 by Stromeyer.
He observed that a sample of zinc carbonate obtained from the
zinc-works at Salzgitter yielded an oxide which, although it
did not contain any iron, possessed a yellow colour, and he
found that this was due to the presence of the oxide of a

1 dnn. Chem. Pharm. L 435. 3 dnn, Chim. Phys. [6]. i 289—357.
67
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new metal, which he soon afterwards detected in other samples
of the oxide of zine, as well as in metallic zine itself. Whilst
Stromeyer was engaged on these experiments, Hermann, in
Schinebeck, also discovered the new metal in a sample of zinc
oxide which was employed for pharmaceutical purposes, and
which had been confiscated in Magdeburg, inasmuch as the
acid solution yielded a yellow precipitate with sulphuretted
hydrogen, which was supposed to be caused by the presence of
arsenic. Hermann showed that this supposition was not correct,
and ascertained that a new metal was present. Soon afterwards
Meissner and Karsten also observed the existence of the same
substance. In 1818 Stromeyer published a complete investi-
gation of the metal, giving to it the name which it now bears,
from cadmia fornacum, because the metal was chiefly found in
the zinc flowers of the zinc furnaces.

Cadroium not only occurs mixed with zine ores, but likewise
as a sulphide in the mineral greenockite, a somewhat rare
substance found at Dishopstown and Kilpatrick in Scotland, as
well as in Bohemia and Pennsylvania. The quantity of
cadmium contained in the various samples of calamine and
blende varies considerably. The fibrous blende found at Przi-
bram in Bohemia contains 2 to 3 per cent., whilst the calamine
of Wiesloch contains 16 per cent, and that of Laton in North
America 3 per cent. of cadmium.

In the process of zinc-smelting the more volatile vapour of
cadmium comes off with the ﬁrst portions of the zine, and
these vapours burn in the air with formation of the oxides of
cadmium and zine. The powder thus deposited is then mixel
with coal and the mixture heated in iron tubes, when the cadmium
distils over first. In order to purify it, the metal is redistilled,
and the second product dissolved in hydrochloric acid, “from
which solution the cadminm is precipitated by metallic zine.

Cadmium possesses a tin-white colour and a fibrous fracture,
and takes a high polish. It can be easily erystallized in regnlar
octohedrons by sublimation in a current of hydrogen (Kim-
merer). It is somewhat harder than tin, but may be cut
with a knife. It can be easily rolled out to foil and drawn
into wire. 'When bent, it emits a crackling sound, as tin
does when similarly treated. The specific gravity of the cast
metal is 8:546, but after hammering it attains a specific gravity
of 8667 (Schrider). It melts at 320° and boils at 763°—772°
(Csrnelley and Williams). Its vapour has a dark yellow colour
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and a disagreeable smell, producing headache when inhaled.
The density of cadmium vapour as determined by experiments
at 940° by Deville and Troost is 3:94.!

The yellow sulphide is employed as a pigment; an amalgam
of cadminimn was formerly used as stopping for teeth, but is no
longer employed, as it turns medentine yellow.

Cadmium Oxide, CdO. This substance forms the brown blaze
of the zinc smelters. The metal cadmium burns with a bright
flame when heated in the air, forming a brown oxide, which
may also be obtained by passing a mixture of steam and cad-
mium vapour through a red-hot tube. When the metal is heated
to whiteness in a current of oxjygen, the oxide sublimes in dark
red, probably cubic, crystals, and may be obtained in the form of a
dark blue-black powder, consisting of microscopic octohedrons, by
igniting the nitrate. Cadmium oxide possesses a specific gravity
of 6°5; it does not melt at a white-heat, but is easily reduced
at a moderate red-heat on charcoal before the blowpipe; the
metal, however, volatilizes and burns, and the oxide is deposited
as a brown incrustation on the charcoal.

Cadmivm Hydroxide, CA(OH),, is obtained as a white pre-
cipitate on the addition of a soluble salt of cadmium to caustic
potash. The hydroxide absorbs carbon dioxide from the air, and
at 300° it is resolved into the oxide and water.

SALTS OF CADMIUM.

158 Cadmium salts are usually colonrless. The soluble salts
possess a disagreeable metallic taste, aml act as emetics.
Cadmium Chloride, CdCl,. This salt is obtained by evaporat-
ing a solution of the metal or oxide in hydrochloric acid. The
hydrated chloride, CdCl,+2H,0, is deposited in the form of
rectangular prisms which readily effloresce on exposure to the
air, and on heating lose water and melt at a temperature below
a red-heat. The transparent pearly mass of the anhydrous
chloride sublimes at a higher temperature in transparent
micaceous laminz. Its specific gravity is 3:265. One hundred
parts of water dissolve (Kremers) :—
At 20° @ 60° 80° 100°
CdCl; 1408 1389 1389 1429 1429
3 Comples Rendus, xlix. 239.

i
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Cadmium ITudide, Cdl, is obtained by dissolving the metal
in hydriodic acid, or by digesting it with iodine and water. It
crystallizes in large transparent six-sided tables, which do not
undergo alteration on exposure to the air. It melts easily,
sulidifying again to a crystalline mass, but gives off iodine when
heated to a higher temperature. It dissolves readily in water
and alcohol. Its specific gravity is 4:576. One hundred parts
of water dissolve :—

At 20° 60° 100°
Cd1, 926 1075 133:3.

Todide of cadmium is used in photography, it being one of the
few iodides soluble in alcohol.

Cadmium Sulphate, CdSO,. A concentrated solution of
sulphate of cadmium when allowed to evaporate spontaneously
deposits large monoclinic hydrated crystals, baving the com-
position 3CdSO, + 8H,0. A boiling saturated solution of the
normal salt to which strong sulphuric acid has been added
deposits indistinet erystals of CdSO, + H,0. The normal salt
when heated yields a basic compound, 802{ 883(8}]3’ diffi-
cultly soluble in water, and crystallizing in pearly scales.
One hundred parts of water at 23° dissolve 59 parts of the
anhydrous normal salt, and at the boiling point a somewhat larger
quantity, Crystallized cadmium sulphate is used in diseases of
the eye.

Cadmium Nitrate, Cd(NO,), + 4H,0, crystallizes in fibrous
needles, which deliquesce in the air, and are soluble in aleohol.

Cadmium Carbonates. The normal salt is not known. The
white precipitate obtained by addition of the carbonate of an
alkali to a soluble cadmium salt possesses a varying composition,
according to the temperature at which the precipitation takes
place and the amount of precipitant employed. With an excess
of potassium carbonate in the cold the precipitate nearly
possesses the composition of the normal salt.

Cadmium  Sulphide, CdS. Cadmium sulphide occurs in
yellow hexagonal glittering crystals as greenockite. It is
obtained as a fine yellow precipitate when a cadmium salt
is precipitated with sulphuretted hydrogen. Tt melts at a
white heat, and forms on cooling a lemon-yellow micaceous
mass, having a specific gravity of 4:86. It is soluble in strong
hydrochloric and nitric acids, and in boiling dilute sulphuric
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acid. When a cadmium salt is precipitated with potassium
pentasulphide a yellow precipitate ot cadmium pentasulphide
CdS; is obtained.

DETECTION AND ESTIMATION OF CADMIUM.

159 Cadmiumn salts do not impart to the non-luminous gas-
flame any tint. The cadmium spectrum is well seen when the
metal is volatilized in the clectrie are ; the most prominent lines
being 6438 in the red, 5378 and 5338 in the green, and 5085,
4800 and 4677 in the blue.

The yellow sulphide of cadmium is the most characteristic
compound of the metal, This is insoluble in dilute acids in the
cold, and hence may be easily distinguished from zinc as well
as from the other metals already described. Cadmium sulphide
can easily be distinguished from other yellow sulphides, such as
those of tin, antimony, and arsenic by its insolubility in am-
monium sulphide and in the caustic alkalis. The method of
separating cadmium from the other metals precipitated by
sulphuretted hydrogen will be discussed under these several
metals. It may suffice here to remark that cadmium hydroxide,
like the corresponding eopper compound, is soluble in ammonia,
and that these two metals are frequently obtained together in the
process of analysis. In order to separate these, two methods
may be employed. In the first place potassiuin cyanide may
be added to the blue ammoniacal solution until this becomes
colourless, and then sulphuretted hydrogen is led through the
solution, when the cadmium- sulphide is completely pre-
cipitated. Or, in the second place, the metals may be both
precipitated as sulphides, and the washed precipitate boiled
with a mixture of 5 parts of water and 1 part of concentrated
sulphuric acid when the cadmium sulphide is dissolved out.

The guantitative determination of cadmium is usually made
by precipitating the carbonate from the boiling solution with
carbonate of soda; this is then dried and on ignition converted
into the oxide which is weighed. Cadmium may also be deter-
mined as the sulphide which is dried at 100° and then weighed.

The atomic weight of cadminm has been determined by
von Hauer, by converting the sulphate into sulphide in a
current of heated and pure sulphuretted hydrogen,! and more
recently by Huntington,? who obtained the number 111°9 (Br.=
79°75) from a series of analyses of the bromide.

) Wien. Aead. Der, xxv, 118, 3 Der. Deutsch. Chem. Ges. xv. 80,
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METALS OF THE LEAD GROUP.
Lead. Thallium,

160 The metals of this group are soft, and possess a high
specific gravity, and their basic oxides have an alkaline re-
action. In many of its properties thallium closely resembles
the alkali-metals, whilst lead, in many respects, is analogous to
the metals of the alkaline earths. They are, however, dis-
tinguished from both of these groups, by their sulphides being
black and insoluble in water, and also by the sparingly soluble
character of their chlorides.

LEAD.
Pb (Plumbum) = 206'4.

The first mention of lead occurs in the well-known passage in
the Book of Job, and it is also mentioned in the Book of
Numbers as a portion of the spoil taken from the Midianites.
It is found under the name of Sphéret, derived from the word
dphdr, signifying to have a grey appearance. In the oldest
Greek translations of the Old Testament the word wériSos
occurs and this as well as the word péAvB8os undoubtedly refers
to lead. It appears, however, that no exact distinction was
drawn between the metals lead and tin during the time of the
Israclites. But we find that Pliny points out a distinetion
between these two metals, inasmuch as he gave the name
of plumbum nigrum to lead, whilst tin was designated as
plumbum candidum. For further information on this point the
chapter on tin must be consulted.

It has already been stated (Vol. I, p. 87) that the seven metals
known to the ancients were supposed to be in some way



LEAD. 271

connected with the seven heavenly bodies which were then
known to belong to our solar system. Dull, heavy lead was ap-
portioned to Saturn; and this metal is designated in the
writings of the alchemists by the sign h.

Lead is seldom found in the free state in nature, Native lead
does, however, occurin small quantities in certain lead ores, and
in voleanic tufa. The oxides of lead are found in the form of rare
minerals, the yellow oxide PbO, and the red oxide or red lead,
Pb,0,. The commonest ore of lead is galena or lead sulphide,
PbS; this is very widely distributed, generally occurring
together with quartz, calc-spar, fluor-spar, and heavy-spar in the
older as well as in the more recent strata and in almost every
part of the world. Thus in Cornwall it occurs in veins in
the coarse argillaceous schist, provincially termed killas; in
Derbyshire, Cumberland, Northumberland, and Yorkshire, it
is found in mountain limestone; in Cardiganshire and Mont-
gomeryshire it occurs in the Lower Silurian; and the chief
deposits in the United States likewise occur in this same
formation. Again, at Sala in Sweden, it is found in granular
limestone, and in Freiberg in a schistose gneiss, older than
the carboniferous system. Sulphide of lead also occurs in
combination with the sulphides of antimony and copper in
the minerals zinckenite, PbSb,S,, and bournonite, CuPbSbS,,
In addition to these ores, lead carhonate occurs as the mineral
cerussite, PbCO,. found in some localities, as in the neighbour-
hood of Aix-la-Chapelle, and of Santander in Spain, in sufficient
quantity to be worked. It is also found in the lead mines of
Cornwall and Devonshire, in Yorkshire, at Leadhills in
Scotland, and at Seven Churches in County Wicklow. Other
naturally occurring compounds of lead are the basic chloride
occurring as the minerals matlockite, Pb,C1,0, and mendipite,
Pb,CLO,; and sulphate of lead or anglesite, ’bSO,, found
associated with galena and carbonate of lead at Leadhills
in Scotland and in other localities. Again we have a basic
sulphate called lanarkite, PbO + PbSO,; leadhillite, PLSO, +
3PbCO,; phosgenite, PbCl, + PbCO);; stolzite or lead tung-
state, PbWO, ; wulfenite or lead molybdate, PbMoO, ; crocoisite
or lead chromate, PbCiQ,; pyromorphite or lead phosphato-
chloride, 3Pb,I,0, + PbCl, ; mimetesite or lead chloro-arsenate,
3PbAs,0, + PLCl,; as well as compounds of lead with the
rarer elements such as selenium, tellurium, selenic acid, vanadic
acid, &e.
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By far the greater propottion of the total lead brought into
the markets of the world, amounting aunually to about 300,000
tons, is obtained from galena.

161 Smelting of Lead.-—Lead is an easily reducible metal requir-
ing but simple processes for its production. ILead was produced
in England during the Roman occupation in a variety of lo-ali-
ties. Numerous pigs of Roman lead have been found bear-
ing Latin inscriptions. Whether lead was reduced in England
before this period appears doubtful; the remains of rude
furnaces in which lead ore was smelted in early times are,
however, found in Derbyshire and elsewhere, and are termed boles
by the inhabitants. In these furnaces the heat was not urged
by an artificial blast of air, but piles of stone were built on
the western brow of some eminenc: so as thus to employ the
natural currents of air on mountainous places. A mixture
of ore and charcoal was introduced into the interior of thess
furnaces, and after the operation the lead ran out at the bottom.

The form of furnace next employed was the ore-kearth, a small
rectangular blast furnace blown by bellows worked by means of a
water-wheel.! This furnace is still in use and will be hereafter
described. Other and larger blast-furnaces are in use in various
lead-smelting districts.

About the middle of the eighteenth century lead smelting
in reverberatory furnaces appears to have been introduced into
England from Flintshire, where it was in use in the year 1693.

Three distinct processes are employed for lead smelting. The
first of these, known as the air reduction procéss (Percy), is em-
ployed when the ore consists miainly of galena, and is free from
silica and the sulphides of other metals. The second, or carbon
reduction process,is employed for less pure ores, and consists in the
roasting of the ore and the subsequent reduction of the lead by
carbonaceous matter. The third process is known as the precipi-
tation process, the reduction of the lead being effected by metallic
iron, and this is chiefly practised in France and Germany, where
the ore contains other metals, such as copper, antimony, and
atsenie. o

It is, however, to be remembered that two or even all three of
the above processes are often worked in the same furnace with
the same charge of ore.

, See H. L. Pattinson, ** Description of Lead Smelting in the North of Eng-
land. % Transactions of the Natural History Society of Northwmberland, Durham,
and Newcastle-on-Tyne, vol. ii. part i,
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Lead swelting according to any one of these processes is con-
ducted in three kinds of apparatus, viz, (1) reverberatory
furnaces, (2) blast furnaces, (3) shallow hearths.

In the air reduction process the galena is roasted in a rever-
beratory furnace until a portion of the sulphide is converted
into oxide and sulphate; the temperature is then raised when
the following double decompositions take place :

2Pb0 + PbS = 3Pb + SO,
Pb30, + PbS = 2Pb + 280,

The reverberatory furnaces used for the English process of
lead smelting are of two kinds, the Flintshire furnace and the
flowing furnace. The difference between these is that in the
first the slag is raked out in pasty lumps, whereas in the flowing
furnace the slag is tapped out in the molten state and termed

787i25zz35, 0 > L

F1e. 83,

run-slag. The reaction which takes place in reduction is identical
in both cases. ;

Tig. 83 shows the construction of the Flintshire furnace.
The usual charge of ore is 20 cwt. This is intrcduced by
means of a hopper (T) in the arch of the furnace. The hearth
of the furnace (B) is hollowed out as shown in the figure to
permit the lead to flow through a tapping hole, into an iron
pot placed in front of the furnace. The charge is evenly
spread over the surface and gently heated for two hours, the
ore being well rabbled at intervals, and the temperature being
carefully regulated by opening or closing the various doors, so
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as to maintain the mass as hot as is possible without causing
it to clot together. During this process a portion of the sul-
phide is oxidised to oxide and sulphate, and thus the mass
prepared for the following stage of the operation. The secon.d
reaction, in which the reduction of the lead takes place, is
brought about by increasing the temperature of the roa.sted
ore; the lead is reduced as shown in the above equations,
aud flows down to the tap-hole and is drawn off at the
end of the process. The undecomposed sulphide remains

Fie. 84,

behind and this is oxidised by a second firing; the tempera-
ture is then again raised when the double decomposition is
repeated, and thus the alternate processes of roasting and
smelting are carried on as long as any lead can be extracted.
Before the temperature is raised in each case a shovelful
of lime is thrown in through the door to stiffen the fused mass.
After tapping the metal the grey slag is withdrawn at the
back of the furnace.

A similar method is adopted at Bleiberg in Carinthia for
working the calcareous galena, a different form of furnace being,
however, employed. This furnace is very much smaller than
either of the English lead furnaces -and only 8300 Ibs. of ore are
worked at once, the object being to conduct the work with
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accuracy and precision, the small quantity worked upon placing
the calcination process better under command. As soon as the
charge is placed on the floor of the furnace it is heated to dull
redness, and the roasting is completed in from three to four
hours. This constitutes the first stage of the process, in which
the sulphide is partially converted into oxide and sulphate
of lead. As in the English process, the temperature is now
raiced and the double decomposition between the oxidised
products and the undecomposed sulphide, which has already
been described, takes place. The reduction ot the lead ap-
pears to go on in this process at a lower temperature than
in the working of the English process, and the virgin lead
(Jungfernblei) thus obtained is believed to be purer than the
lead obtained in the Flintshire furnace. This is especially the
case in Bleiberg, as well as in certain Belgian works, where
considerable impurities are contained in the lead ore. The
impurities remain behind in the slag whilst the lead is run
off in the pure state.

In Scotland and the north of England, where a very
pure ore is worked, lead smelting is conducted in shallow hearths
or Scotch furnaces shown in Fig. 84. The hearth (A) is first
filled with peat which is then ignited, and ore added from time
to time in quantities of about a dozen pounds weight, the
temperature being kept up by a blast of air sent in at the back
of the furnace. The reduced lead sinks down to the bottom and
flows out along the channel in the work-stone (C) into the heated
pot (D). A considerable amount of lead is volatilised as fume
in this process: this passes through the flue (B) to long col-
lecting chambers in which it is deposited. The lead thus
obtained is said to be purer than that prepared in the
Flintshire furnace, but the cost of smelting in this ore-hearth is
greater than when the Welsh method is used.

For the reduction of impure ores or for the working up of
slags from the other processes a slag-hearth or a small blast-
furnace (Fig. 85) is used, of about 05 metre in height, con-
taining a square space (C), the sides of which are built of iron
plates. The blast of air enters by the tuyere (T), and the
reduced metal runs through a hole in the plate into the vessel
(M). The hearth is filled with fuel and the ore thrown on to
the top of the fuel. The ore is at first converted into a mixture
of sulphate and oxide, and these undergo mutual decompo-
sition with evolutiod of sulphur dioxide as they descend to the
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lower portion of the hearth, where the temperature is higher.
A somewhat similar treatment of washed lead ores by metallic
iron in blast furnaces is adopted at Pongibaut, in Puy-de-Dome,
and of siliceous ores at Couéron.

162 Smelting of Lead Ores with Metallic Iron—The process by
" double decomposition is certainly the simplest method of lead
smelting. It can, however, be only employed in case of ores
which do not contain the sulphides of other metals. For
ores such as those which oceur in the Harz, where the galena

. is mixed with iron pyrites, cop-
per pyrites, zine blende, fahl-
ore, bournonite, and zinckenite,
the third or precipitation pro-
cess has to be adopted, and is
carried on in the so-called
schlieg furnace. In this process
cast-iron is used as the reducing
agent, less being added than
would suffice according to
theory for the complete re-
duction of the galena in the
ore. At the present time in
place of cast-iron a rich iron slag is used for the same purpose.
The materials to be smelted together are brought successively
layer upon layer into a blast furnace having one or more
tuyeres. In this process a portion of the lead is reduced by the
metallic iron, a considerable residue, however remaining behind,
in the form of sulphide, together with the sulphides of iron and
the other metals which are contained in the ore. To this the
name of schlieg-slag or lead regulus is given, and this material
is then worked up again by processes varying according to the
nature of the metals which have to be extracted. Thus, for
instance, if the lead slag contains much copper it is roasted
and smelted, and these operations repeated until it becomes
so rich ‘in copper that it can be worked by the ordinary copper
smelting processes.

Softening of Lead. The metal produced in some of the fore-
going processes is hard, owing to its containingantimony and other
metals.  These are removed and the lead rendered soft by
melting and partially oxidising the metal in a reverberatory
furnace with a cast-iron bottom.

163 Dosilverisation.-~Ordinary lead obtained by any of the
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above-mentioned processes always contains silver, and a very
considerable proportion of the silver which now comes into
the market is obtained from argentiferous galena. In former
times the only process by which this silver could be extracted
was by the process of cupellation, by which the whole of the lead
is oxidised, whilst metallic silver remains behind. The oxide has
then to be reduced again in a reverberatory furnace to metallic
lead. Tt is, however, generally admitted that the process of cupel-
lation cannot be economically carried on in the case of lead
which contains less than 8 oz. of silver to the ton, and conse-
quently, as very large quantities of lead are brought into the
market containing smaller percentages than this, the whole of
this amount of silver was lost until Mr. Hugh Lee Pattinson,
in the year 1833 obtained a patent for an improved method of
separating silver from lead, which has come into general use,
and by which large quantities of silver are now extracted from
lead.

This method depends upon the fact that if lead containing
a small quantity of silver be melted, and the melted mass
allowed to’cool, a point is reached at which pure lead begins
to crystallise out. If the crystals of lead which are thus
formed be then withdrawn from the remainder of the metal,
and this process continned until the greater part of the
lead has been separated, it is found that the liquid which
remains contains most of the silver. In order to render

this process economical the lead requires to be repeatedly
" crystallised in a series of iron pots, the lead rich in silver
gradually accumulating towards one end of the series, whilst the
desilverised or market lead is obtained at the other end.

The melted lead is first thoroughly skimined, then the fire is
withdrawn and the lead allowed to cool care bemng taken to
break off and mix with the liquid mass any portion that
may solidify on the sides of the pot. When the temperature
reaches a certain point, small crystals of lead begin to form, and
at this point the whole mass of metal is continually stirred with an
iron rod, whereby the crystals sink to the bottom of the pot and
accumulate in considerable quantity. A perforated ladle is now
introduced by means of which the crystals are removed. The
operation is thus carried on in successive stages until two-thirds
or even three-fourths of the original lead is removed from the pot.
By this means in an actual working 846 cwt. of original lead
was separated into 36 cwt. of rich lead containing 160 to 170
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ounces of silver per ton, and 810 cwt. of poor lead containing
7 to 10 dwt. of silver per ton. The silver is then extracted from
the rich lead by the process of cupellation. (For a description
of this process see Silver.)

Another process for desilverising lead is known as Parkes’s or
Karsten’s zinc process. It has already been mentioned in the
chapter on alloys that molten lead and zinc do not mix in all
proportions, lead being capable of taking up only 1'6 per cent. of
zine whilst zinc takes np only 1-2 per cent. of lead. Karsten, in
1842, concluded from experiments which he made on the sub-
ject that lead gives up all the silver which it contains if melted
with zine, but he did not apply this conclusion to praectical
metallurgy. In the year 1850, Alexander Parkes, of Birming-
ham, patented a process for extracting silver from lead by the
above-mentioned reaction. For a ton of lead containing 14 oz.
of silver, 224 Ibs. of zinc is needed; if containing 21 oz,
336 lbs. of zinc is added, and if containing 28 oz of silver,
448 Ibs. of zinc is required. The alloy of zinc and silver
rises to the surface during cooling, and when it solidifies it is
withdrawn by means of a perforated ladle. - In order to remove
the small quantity of zinc which is dissolved in the pure
lead, the mixture is heated to dull redness in a current of
air, the zinc thereby being oxidised, whilst the main portion
of the lead remains behind in the marketable state. Silver
is separated from the alloy of zinc either by distilling off
the zinc or by dissolving the zinc in acid. A second process
employed for the dezincification of the desilverised lead is that
patented by Cordurié in Toulouse in 1866. It depends upon the
fact that when superheated steam is passed into the molten
alloy of lead and zine, the zine is oxidised together with a
small portion of the lead, the oxides being carried away into
chambers where they are condensed, whilst the desilverised
lead remains behind in the pure state.

Gold and copper, which sometimes occur in market lead, can
be separated from it in the same way, inasimuch as these metals
alloy with zinc even more readily than silver does, and this
process has been satisfactorily carried out in England by Mr.
Baker. A similar method is employed in the Harz; the lead
is there .melted with 0:16 per cent. of zinc, and the alloy is
obtained as a scum on the surface, having the composition—
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Tead . . . . . 8946

: nomeans = o L 58

Coppeits. v L 4452
Silver' - . oL 0243
100:003

On a second addition an alloy having the following com-
position is obtained —

Jead . . . . . 9105
Zinc . . . . . 521
Copper . . . . 350
Silver . . . ., 0238

999981

Market lead almost always contains traces of antimony,
copper, and iron, and occasionally of zine, nickel, and bismuth,
whilst the silver which it contains varies from one part in
40,000 to one part in 200,000, but since the introduction of the
method of desilverising by zinc, and purification by steam the
purity of the commercial lead lLas very much increased. An
analysis by Hampe of a refined lead from the Harz gave the
following results :—

Antimony . . . . . . 00057 percent.
COppEBNRIRERETR S k. 0:00014
JronSCaras S i .. . 0:0023

Zine . . . . . . . . 00008
iNickel@FSSERR RS o . 0 0:0007
Bismuth . . 0:0055 ,,

showing a total impurity of only 0-0164 per cent.

164 Chemically pure lead is prepaved according to Stas? as
follows :—A solution of acetate of lead is heated in a leaden vessel
in contact with thin sheet lead to a temperature of {rom 40° to
50°in order to precipitate silver and copper. The filtrate is then
poured into pure, very dilute snlphuric acid, and the lead sulphate
which is formed, carefully washed with a solution of carbonate
of ammonia, and ammonia, lead carbonate being in this way
formed. A portion of this is then converted into lead oxide

1 Rammelsberg, Ber. Entw. Chem. Ind. 935,
3 Bull. dcad. Roy. Belg. x. 294,
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by carefully heating in a platinum basin, whiist to the remaining
portion pure dilute nitric acid is added in such quantity that =
a portion of the carbonate remains undissolved. The oxide of
lead is then added to the boiling solution of the nitrate in order

to precipitate traces of iron, and the filtered solution is poured
into a solution of pure carbonate of ammonia. The precipitated
lead caroonate is then reduced by means of potassium cyanide,
and the metal thus formed, fused a second time with the cyanide,
when it assumes in the molten state a convex surface like
mercury.

Lead can easily be obtained in the form of regular octohe-
drons by melting and allowing the molten metal partially to
solidify, and pouring off the portion which is still liquid. If a
piece of zinc be hung up in a solution of sugar of lead, lead
separates out in bright shining arborescent forms, known as the
lead tree. The deposition of lead in the form of erystals may be
readily shown on the screen by means of a galvanic current.
Lead has a specific gravity of 11-254, or after it has been poured
into water of 11-363. On hammering it cracks and becomes
lighter, but if it be pressed it attains a specific gravity of 11-:388.
1t is soft and tough. It may be cut with a knife, and leaves a
streak upon paper. It can easily be rolled out to thin foil, but
it cannot be drawn out into fine wire. When melted repeatedly
it becomes hard and brittle, which is probably due to the for-
mation of a small quantity of oxide. On the large scale this
oxide may be removed by poling or stirring the molten mass up
with a pole of green wood. The presence of antimony, zine,
bismuth, arsenic, and silver increases the brittleness of lead.
Lead belongs to the class of white metals, though it has a
decidedly bluish grey tint indicated by the expression lead-grey.
A freshly cut surface possesses a bright lustre, which, however,
soon becomes dull from superficial oxidation. By the elec-
trolysis of lead nitrate, Wohler obtained a deposit on the
negative pole of crystallised leaflets of lead possessing a red
colour like that of copper. These did not dissolve in dilute
acids whilst they were soluble in hot nitric acid, and on dis-
solving, the colour resembled that of copper to the last moment.!
Lead melts at 334° (Person), and begins to volatilise at a bright
red heat, boiling rapidly before the oxyhydrogen blowpipe. 1t
cannot, however, be distilled in closed vessels like zine, although
when zinc is extracted from ores containing lead, the vapour of

1 4nun. Chem Pharm. Suppl, Band ii. 135,
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zine is mixed with vapour of lead, and u considerable portion of
the loss experienced in the ordinary processes of lead smelting
is due to this cause.

Metallic lead is largely employed in the arts for a great
variety of purposes on account of its softness and pliability, its
low melting point, the difficulty with which it undergoes oxi-
dation, and the fact that it withstands the action of water and of
many acids better than most of the common metals,

LEAD AND OXYGEN,

165 Lead Suboxide, Pb,0, is formed when lead oxalate is heated
in an atmosphere free from oxygen to a temperature below 300°
(Dulong) :—

2PLC,0, = Ph,0 + CO + 3C0,

It is a black, velvety powder, which when heated in absence ot
air is decomposed into metal and the monoxide. When lead is
melted in the air the surface becomes covered tirst with a grey
film, which, according to Berzelius, consists of the suboxide. The
suboxide has by some been considered to be an intimate mixture
of finely divided lead and the monoxide. Against this view,
however, is to be placed the fact that mercury does not dissolve
wetallic lead from this grey powder, whilst a solution of sugar
which readily dissolves lead monoxide, does not take up any
from this substance.  After heating, dilute acetic acid or a
solution of sugar does dissolve out lead oxide, whilst metallic
lead remains behind in the coherent state.

Lead Monoxide, PbO.—This compound was known to the
ancients, as it is formed when lead is heated in contaet with the
air, and is, therefore, produced in various metallurgical processes.
The different forms of this compound were, however, regarded as
different substances, giving rise to the names plumbum ustum,
scoria plumbi, scoria argenti, galena, porvBéatva, Mbdpyvpos, &c.
When lead is heated to its point of volatilisation in the air, it
takes fire and burns with a white light, yielding this oxide
which formerly received the name of flowers of lead or jflores
plumbi. Tead, when heated in the air, becomes covered With
a grey film,and if the surface be continually renewed. becomes
wholly converted into lead-ash. a yellowish-grey pulverulent
mixture of metallic lead and yellow monoxide, which, it heated
in the air for a longer time, is wholly converted into the

68
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latter. This yellow oxide is termed massicot, whilst the other
form of lead monoxide termed [litharge, 1s obtained at a
temperatme at which the oxide fuses, solidifying to a scaly
shining mass sometimes of a yellow tint, sometimes rather
inclined to red.

Crystallised oxide of lead also occurs in nature as a mineral
found near Vera Cruz (Noggerath). The crystals may also
be artificially obtained by allowing litharge to cool slowly;
it forms rhombic octohedrons sometimes also found as a
deposit in the lead furnaces (Mitscherlich). ILead oxide
posseses a colour varying from lemon-yellow to reddish-
yellow, and on heating assnmes a brownish-red tint. Its
specific gravity at 4° is 936 (Joule and Playfair). Tt is
reduced to the metallic state by carbonic oxide at 100°, and by
hydrogen at 310°. Litharge is largely used in the arts, especially
for the manufacture of flint-glass, and as a glaze for earthenware ;
it is also used for the preparation of red-lead, lead acetate, lead
nitrate, white-lead, lead-plaister, and drying oils. Commercial
litharge contains carbon dioxide and water absorbed from the
air, which may be removed by ignition. Not unfrequently
it contains small qnantities of iron oxide and copper oxide, the
Jatter easily removable by ammonia.

Basic Lead Hydroxide, Pb,0(0H),or HO—Pb—0—Pb—OH.
This substance is obtained as a white precipitate by the action
of air and water free from carbonic acid upon the metal, or is
thrown down as a white precipitate on the addition of ammonia
or a fixed alkali to a lead salt.

The compound I'b,0,(OH), is formed according to Payen as
follows 100 parts of a solution saturated at 16° of basic acetate
of lead, Pb0,(C,H,0,),, are added to 50 volumes of cold water
which has previously been well boiled: a mixture of 20 parts
of ammonia and #0 parts of boiled water is then added and the
solution allowed to stand at a temperature of 25—80° when the
above hydrate separates out in glittering octohedrons.

At 180 lead hydroxide loses a portion, and at 145° the whole
of its water, being them converted into lead oxide. The
hydroxides of lead as well as the oxide turn moistened red lit-
mus paper blue as they are somewhat soluble in water. They all
act as strong bases and also combine with certain metallic oxides.
Thus when lead oxide is fused with the alkalis, alkaline earths,
and other metallic oxides, a glass is formed and in consequence
of this lead oxide attacks clay crucibles. It dissolves also
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Ain caustic potash and soda as well as in lime and baryta water

yielding yellow liquids. The lime compound is slightly soluble
in water and crystallises on cooling in white needles (Berthollet,
Karsten).

Lead Sesquioxide, Pb,0,, is formed when a solution of sodium
hypochlorite is carefully added to a caustic potash solution
of lead oxide (Winkelblech) or when a solution .of red lead
in acetic acid is precipitated by very dilute ammonia. It is
a reddish yellow amorphous powder which does not part with
the whole of its water at 150°. It is decomposed by acids into
the monoxide and dioxide, and is, therefore, considered %o be a
compound of these two. )

Red Lead or Minium, PbyO,.—This compound was described
by Pliny, under the name of minium, but it was at that time not
sufficiently distinguished from cinnabar and the red sulphide of
arsenic. Dioscorides, however, mentions that it can be prepared
from white lead: “cerussa, st coguatur rufescit;” and Geber says :
« plumbum aduritur et fit minium.”

Red lead is usually prepared by carefully heating very finely
divided pure massicot or white lead. For this purpose the oxide
is heated for about twenty-four hours either on the flat hearth
of a reverberatory furnace, or in barrel-shaped vessels open at
both ends, the mass being frequently stirred and the heat not
allowed to rise above dull redness. The brightness and beauty
of the colour much depends on the care spent on the roasting,
ag these properties are not wholly inflenced by the absorption of
oxygen, but more especially by the molecular condition of the
material and this is produced only at a given temperature.

Red lead is a scarlet crystalline granular powder, which, on
heating, first assumes a finer red colour and afterwards turns
violet and lastly black, but on cooling regains its original tint.
On ignition it loses oxygen and is converted into the monoxide.
Its specific gravity varies from 86 to 9'1. Commercial red lead
frequently contains the yellow oxide litharge mixed with it,
which may be extracted Ly repeatedly digesting it with a solu-
tion of lead acetate. Red lead is largely used as a paint and
also in the preparation of flint-glass. For both of these pur-
poses it is necessary that it should be as free as possible from
iron, and in this case it is not unfrequently prepared from white
lead. Red lead is also adulterated with oxide of iron, red bole,
and brick-dust. These substances remain undissolved when red
lead is digested in warm dilute nitric acid to which a little sugar
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has been added. Boiling hydrochloric acid extracts sesquioxide
of iron from the oxide with formation of lead chloride and
liberation of chlorine.

166 Lead Dioxide or Puce-coloured Oxide of Lead, PbO,—This
substance was discovered by Scheele, who observed that red lead
is coloured brown when treated with chlorine water, whilst
Priestley found that nitric acid produced the same reaction. The
properties of the puce-coloured lead oxide were more exactly
examined by Proust and Vauquelin.

Lead peroxide, as the compound is frequently called, may be
prepared according to a variety of methods. The simplest plan
is by acting upon red lead with dilute nitric acid :

Pb,0, + 4HNO, = PhO, + 2Pb(NO,), + 2H,0.

Tt is likewise obtained by the action of chlorine npon lead salts
in the presence of alkalis (Wohler), or by treating a solution of
a pure lead salt with a soluble hypochlorite (Bottger) :—

PbO + 2Na0Cl = PbO, + 2NaCl

It is obtained in the dry way by fusing 4 parts of lead monoxide,
1 part of potassium chlorate, and 8 parts of nitre (Liebig and
Wihler). Lead oxide is also converted into the peroxide by the
action of uzone as well as of hydrogen peroxide, and it is deposited
in crystalline scales at the positive pole when a lead salt is
decomposed by means of a galvanic current.

This substance is found native in the form of plattnerite,
which crystallises in black six-sided prisms having a specific
gravity of 94. The artificial peroxide sometimes occurs in the
form of brownish-black six-sided tablets ; generally, however, as
a dark brown powder which has a specific gravity of 89 to 9:2.

Lead dioxide decomposes on heating into oxygen and the
monoxide. It loses oxygen when simply exposed to sunlight,
red lead being formed. It has a strongly oxidising action and
when triturated with one-sixth of its weight of sulphur, it
takes fire and burns with a brilliant flame, forming sulphide
of lead! Aqueous hypophosphorous acid is at once oxidised
with formation of lead phosphate. ‘When immersed in sulphur-
ous acid gas at:ordinary temperatures it becomes red-hot and is
converted into lead sulphate whilst nitrogen peroxide and even
ammonia, convert it into lead nitrate. A large number of
organic acids and other carbon compounds when triturated with

i Vauquelin, 4nn. Chim. Phys. Ixii. 221,
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it likewise cause evolution of light and heat. When treated
with aqueous hydrochloric acid, chloride of lead and free chlorine
are formed. Lead peroxide is often employed as an oxidising
agent, as for instance, in the analysis of organic substances con-
taining sulphur in order to separate the sulphur dioxide from
carbon dioxide. The wmixture of lead nitrate and peroxide ob-
tained by treating red lead with nitric acid, is employed under the
name of oxidised red lead in the manufacture of lucifer matches.

Lead peroxide acts in the presence of certain acids as a weak
basic oxide. Thus, for instance, it dissolves in a tolerably concen-
trated solution of phosphoric acid, yielding a colontless strongly
oxidising liguid which is decomposed on boiling, with evolution
of oxygen. On the other hand it sometimes plays the part of an
acid and the name plumbates has been given to the compounds
obtained. The hydroxide or plumbic «cid, PbO(OH),, is deposited
at the positive pole by the electrolysis of lead salts. It may
also be prepared as a bluish-black shining body by the electro-
lysis of an alkaline solution of lead sodium tartrate.

Lotassium Plumbate, K,PbO, + 2H,0), is obtained in the form of
crystals according to Fremy,! by fusing lead peroxide with excess
of caustic potash in a silver crucible, dissolving in water and
evaporating in a vacuum. This solution gives a precipitate with
most metallic salts of the corresponding plumbates. Calcium
plumbate is also formed by heating a mixture of lead nitrate,
lime, and bleaching powder for some time to a temperature of
57° (Crum).

Lead peroxide and red lead may also be cousidered to be salts
of plumbic acid; the first is a normal and the second a basic
salt:

0 O—Pb
N L AN
= Pb/ Pb 0 =Pb 0
N 2
\O/ O0—Db

SALTS OF LEAD.

167 Lead Chloride, PbCl,—Dioscorides mentions that yellow
oxide of lead when brought in contact with common salt and warm
water becomes white. After the discovery of silver chloride, to
which the name of horn-silver was given, the corresponding lead
compound was termed horn-lead (plumbum corncum). Lead

1 Ann. Chim. Phys. [3] xii. 490,
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chloride occurs native in the craters of volcanoes as the mineral
cotunnite. Lead combines with chlorine, but slowly, and without
incandescence. Dilute hydrochloric acid dissolves the metal only
in the presence of the air, and then but slowly. The boiling con-
centrated acid, however, converts it into ehloride with evolution
of hydrogen gas. Lead chloride is easily prepared by the action
of hydrochloric acid on the oxide or carbonate, and also by the
precipitation of a tolerably eoncentrated solution of a lead salt
by means of hydrochloric acid or a soluble chloride. It is thus
obtained in the form of a white crystalline precipitate. At 123
it dissolves in 133, and at 100° in less than 30 parts of water,
erystallizing on cooling in rhombic white silky ncedles, which have
a specifie gravit); of 5:8. Its vapour density has been found to be
949, corresponding to PbCl,' Lead chloride does not dissolve
in dilute hydrochloric acid, or in solutions of chlorides so readily
as in pure water, but it dissolves more freely in concentrated
hydrochloric aeid. Hence a precipitate is obtained on adding water
to the latter solution, whilst the aqueous solution is precipitated by
hydrochloricacid. It is insoluble in alcohol of 94 per cent., whilst
in aqueous aleohol it dissolves only with diffieulty, and to the
greater extent the larger the proportion of water contained in it.
The acetates and thiosulphates of the alkali metals dissolve it
readily. When heated in absence of air, lead chloride melts below a
red-heat and without volatilization, solidifying on cooling to a white
translucent horny mass. Ignited in contact with the air until no
further vapours are seen, a bastc ehloride is formed, PbCl, + PbO or
CIPb—O—PbCl. This substance occurs naturally as the mineral
matlockite. Another mineral, mendipite, has an analogous com-
position, viz., PbCl,+ 2PbO or CIPb—O—Pb—O—PbCl. A third
basie lead chloride, PbCl,+3PbO, may be obtained, according to
Berzelius, by precipitatingasolution of lead chloride with ammonia.
This latter compound is also a hydrated oxychloride, and is like-
wise obtained by warming lead oxide with a solution of common
salt (Scheele), caustic soda being at the same time produced. In
the year 1787, Turner took out a patent for the purpose of prepar-
ing caustic soda by this reaction, and found that the residue when
heated became anhydrous and possessed a yellow colour. This
oxyehloride is known under the name of Zurner’s yellow or patent
yellow. Vauquelin then showed that when lead chloride and lead
oxide are fused together a yellow coloured body is obtained. This
is now known as Cassel yellow, and is usually prepared by fusing
1 Roscoe, Proc. Roy. Soc. xxvii, 428,
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together 1 part of sal-ammoniac with about 10 parts of massicot,
minium, or white lead; a part of the sal-ammoniac sublimes
undecomposed, and the resulting compound contains about 1
molecule of chloride to 7 molecules of oxide; part of the lead
being at the same time reduced by the ammounia.

Oxychloride of lead is largely prepared for use in place of
white lead, by a process patented by Mr. Pattinson ‘in 1849.
In this process chloride of lead is first prepared from finely
pulverised galena and concentrated hydrochloric acid; this is
then dissolved in water and mixed with lime-water in certain
definite proportions; a snow-white precipitate having the
composition Pb(OH)CI, is thrown down, which from its covering
power is largely used as a paint.

Lead Perchloride. This compound which has probably the
composition PbCl, is obtained by dissolving the dioxide in
strong, well-cooled hydrochloric acid ; a yellow solution is thus
obtained which possesses strong oxidising properties, and {rom
which water and the alkalis precipitate the dioxide (Millon).

Lead Bromide, PbBr,.  This compound closely resembles the
chloride. It is obtained by treating lead oxide with aqueous
hydrobromic acid, or by precipitating a lead salt with a solution
of potassium bromide, when it is thrown down in the form of
white shining needles. It dissolves in hot water and lhas a
specific gravity of 6:6. On heating in a closed vessel it fuses
forming a red liquid which on cooling solidities to a white
horny mass. Fused in contact with the air it emits white
fumes and leaves a residue of oxybromide, PLOBr,, forming a
pearly yellow mass.

Lead Todide, PbI,. Hydriodic acid easily dissolves lead, and
the iodide separates out from a cancentrated solution in beauti-
ful yellow crystals (Deville). When a solution of a lead salt
is mixed with a soluble iodide a yellow precipitate of lead iodide
is formed. This is soluble in 1235 parts of cold, and 194 parts
of boiling water, giving rise to a colourless solution from which
the iodide separates out on cooling in yellow lamine re-
sembling those of Mosaic gold. The specific gravity of this
compound is 61 ; on heating it becomes reddish yellow, then
of a bright red colom and lastly assumes a brownish black
colour; it melts in a closed tube to a reddish brown liquid
which sohdmes to a yellow crystalline mass. Like the chloride
and bromide it easily forms basic salts.

Zead Flueride, PbF, This compound is a white powder
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obtained by heating lead oxide with hydrofluoric acid, or by
precipitating a lead salt with a soluble fluoride. It is almost
insoluble in water and in hydrofluoric acid, but readily soluble
in hydrochloric and nitric acids. When treated with ammonia
an easily soluble basic fluoride is formed. If a solution of
chloride of lead is precipitated with sodium fluoride the com-
pound PbCIF is formed, This chloro-fluoride of lead is slightly
soluble in water, dissolving without decomposition (Berzelius).

Lead Chlorite, Pb(C10,),, is formed by precipitating neutral
calcium chlorite with lead nitrate. It forms sulphur yellow
crystalline scales which when heated to 100° decompose after
some time with explosion! When triturated by means of a
glass rod with flowers of sulphur, the mixture at once takes
fire.

168 Lead Sulphate, PbSO,. This substance is found native
as lead vitriol or anglesite in transparent rhombic erystals,
isomorphous with those of coelestine and heavy-spar, or as
pseudomorph of galena. It is obtained as a white powder
by precipitating a lead salt with sulphuric acid or a soluble
sulphate. If a layer of water be poured on to a saturated
solution of potassium sulphate, and a platinum wire on which
some lead choride has been fused allowed to dip into the water,
erystals of lead sulphate are gradnally formed.?2 Lead sulphate
has a specific gravity of 6:2 to 63. It melts at a red-heat
without decomposition. One part of the salt dissolves in 22,800
parts of cold water, and in 36,504 parts of dilute sulphuric acid
(Fresenius), whilst concentrated sulphuric acid can take up about
6 per cent. of the compound. It also dissolves in warm ammonia
and caustic potash, and in hot hydrochloric acid with formation
of lead chloride. Sulphate of lead is likewise very readily
soluble in ammoniacal salts, especially in the acetate ; calcium
acetate and many other salts also dissolve it.

If a plate of zinc be covered with a thick layer of a pasty
mixture of lead sulphate and water, and this covered with
another zinc plate, and the whole placed in a solution of
common salt for ten days, a coherent mass of spongy lead is
obtained which may be used for the purpose of obtaining
impressions of various articles.

‘When lead sulphate is boiled with concentrated sulphuric acid,
it is dissolved and is afterwards deposited in crystals, and if the

1 Schiel, Ann. Chem. Pharm. cix. 821.
2 Manross, dnn. Chem. Pharm. 1xxxii. 360.
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mother-]izinor be allowed to stand in contact with moist air,
crystals of the acid sulphate, PbSO, + H,S0, + H,0, similar
to the corresponding barium salt, are formed.
When the normal salt is treated with ammonia, the basic
sulphate Pb,SO; or
Pb—0
7 N
0] S0,
/
Pb—0

is formed. The same salt is obtained in miscroscopic needles
when an excess of a hot solution of sodium sulphate is added
to basic lead formate (Barford).

Lead Nitrate, Pb(NO,),. Lead nitrate is first mentioned in
the Alchymia of Libavius. It is here termed calz plumbs
duleis.  “Fit per aquam fortem comminuto plumbo affusam
vase in aqua frigida locato